Google 



This is a digital copy of a book that was preserved for generations on Hbrary shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http : //books . google . com/| 



.3 



V. \- 



\\^->^ 



THE 



American Geologist 



A MONTHLY JOURNAL OF GEOLOGY 



AND 



ALLIED SCIENCES. 



EDITORS AND PROPRIETORS: 

Charles E. Beecher. Ne^v Haven, Conn, 

Samuel Calvin, Iowa City, Iowa. 

John M. Ci^A'RKE, Albany, N. Y. 
Edward W. Claypole. Akron, Ohio. Persifor Frazer. Philadelphia, Pa. 

Francis W. Cragin. Colorado Springs, Colo. Edward O. Ulrich, Newport, Ky. 
John Eyerman. Easton,Pa. Warren Upham, Cleveland, Ohio. 

Marshman E. Wadsworth, Houghton, Mich. 

Israel C. White, Morgantown, W. Va. 

Newton H. Winchell, Minneapolis, Mtmt. 



VOLUME XV. 
January to June, 1895. 



Minneapolis, Minn. 
The Geolxx5ical Publishing Company. 

1895. 



Alfred Roper Printing Co., Printers. 



TITS VM'.V Y'^!>K 

VVlir U; :\KY 

] r.L.-:.:^ ;■ : • \s 

i Si 1!I4.{ \. 



CONTENTS. 



JANUARY NUMBER. 

On a new Specimen of Cladodus chtrki, K, W. Glaypole. 

[Plates 1 and II] 1 

The Columbia Formation in Northwestern Illinois. 

Oscar H. Hekshey 7 

The Munuscong Islands. F.B.Taylor. [Illustrated.]. 24: 

The Age of the Galena Limestone. N. H. Winch ell. 33 

Acid Kruptives of Northeastern Maryland. Charles 

RoLLiN Keyes 39 

Editorial Comment,— State Academies of Science, 46. 

Review of Recent Geological Literature, — The Thirteenth Annual Re- 
port of the U. 8. Geological Survey, J . W. Powell, Director, 48. — 
Sulla serpentina d'Oira (Lago d'Orta) e sopra alcune roocii ad essa 
associate, Fbaivoesco Sai^si, 49. — The Geologicsl History of Roch- 
ester, N. Y., H. L. Fatrchild, 50. — The Length of Geologic Time, 
H. L. Fairohild, 51. — Preliminary Report of Field Work during 
1893 in Northeastern Minnesota, chiefly relating to the Glacial 
Drift, Warreiv Upham, 51. — The Lherzolite-serpentine and asso- 
ciated rocks of the Potrero, San Francisco, Charles Palache, 52. 
— On a Rock from the vicinity of Berkeley containing a new Soda 
Amphibole, Ohaklb.s Palaohe, 52. — The Great Ice Age and its Re- 
lation to the Antiquity of Man, James Geikie, 52. — ^The Ore De- 
posits of the United States, James F. Kemp, 57.— The Geology of 
Angel Island, F. L. Ransoms, 57.— Geological Survey of Missouri, 
Sheets Nos. 2 and 3, Arthur Winblow, 58.— Geological Map of 
Alabama, with an Explanatory Chart, Euoene A. Smith, 58.— The 
Geological History of Harbors, N. S. Shaler. 59.— The Mechanics 
of Appalachian Structure, Bailey Wilj^is, 60.— The Average Ele- 
vation of the United States, Henry Gannett, 62. 

Corrennondence, — Remarks on the Berner Oberland sections of Prof. 
H. Golliez in the Geological Handbook of Switzerland. 1894, A. 
6altzbr,62. — Inequalities in the old Paleozoic Sea Bottom, J. E. 
Todd, 64. 

Perianal and Scientific iVetc^^.— Baltimore Meeting of the Geological 
Society of America, 64. 

fp:bruary number. 

George Huntington Williams. John M. Clakke. [Por- 
trait.] 60 

The Geologic History of Missouri. Arthur Wixslow. .. 81 

A new Cretaceous genus of Clypeastrida*. F. W. Cragix 90 
Further observations on the Ventral Structure of Triar- 

thrus. C. E. Beecher. [Plates IV and V.] 91 

The Second Lake Algonquin. F. B. Taylor. [Plate VI.] 100 

Editorial Comment, — An amusing error, 120. — The fossil Fishes of 
Ca&on City, Colorado, 121. 



IV Contents, 

Review of Recent Geological Literature. — Ueber Porocystie prunifor- 
mis Cragin, au6 der uateren Kriede ia Texas, Fritz Frech, 122. — 
The American Tertiary Aphidas, with a list of the Known Species, 
and tables for their determination, S. H. Scudder, 123. — Gran- 
ites and Greenstones, a series of Tables for students of Petrology, 
Frank Rctley, 121— On the Banded Structure of some Tertiary 
Gabbros in the Isle of Skye, Archibald Gbikie and J. J. H. 
Teall, 123. 

Recent Publications^ 124. 

Correspondence.— **Cephalopod Beginnings,*' John M. Clarke, 125.— 
Erosion during the deposition of the Burlington Limestone, 
Francis M. Fultz, 128.— Volcanic Ash-bed near Omaha, J. E. 
Todd, 130. 

Personal and Scientific News, 130. 

MARCH NUMBER. 

Development of the Corallum in Favosites forhesi vur. 
occidentalis. Geokge H. Girty. [Plates VII and 
VIII] 131 

Early Protozoa. G. F. Matthew 146 

The Stratigraphic Base of the Taconic or Lower Cam- 
brian. N. H. WiNCHELI 153 

The Second Lake Algonquin. F. B. Taylor. [Illus- 
trated.] 162 

Editorial Comment. — Glacial Geology of Great Britain and Ireland, 180. 

Review of Recent Geological Literature.— On new forms of marine 
Algae from the Trenton limestone, with Observations on Butho- 
graptus laxus Hall, R. P. Whitfield, 183. -From the Greeks to 
Darwin, — an outline of the Development of the Evolution Idea, 
H. F. OsBORN, 184.~Preliminary Report on the Geology of South 
Dakota, J. E. Todd, 186.— Summary of Progress in Mineralogy 
and Petrography in 1894, W. S. Bayley and W. H. Hobbs, 186— 
Report of the Geological Survey of Ohio, Vol. VII, Edward Or- 

TON, 187. 

Correspondence. — The Ups and Downs of Long Island, Jorn Brtson, 
188.— The Name of the Copper-bearing Rocks of Lake Superior, 
U. S. Grant, 192.— Drumlin Accumulation, Warrkn Upham, 194. 

Personal and Scientific News. — Personal items. Scientific meetinnrs^etc., 
195.— Pleistocene Papers at the Baltimore meeting of the Geolog- 
ical Society of America, 197. 

APRIL NUMBER. 

The Stratigraphy of Northwestern Louisiana. T. Way- 
land Vaughan. [Plate IX.] 205 

The Paleontologic Base of the Taconic or Lower Cam- 
brian. N. H. WiNCHELL 229 

The Missouri Lead and Zinc Deposits. James D. Rob- 
ertson 235 

On the Mud and Sand Dikes of the White River Miocene. 

E. C. Case 248 

Editorial Co wmenf.— Secular Changes of Arctic Climate, 254. 



Contents. v 

Heview of Recent Geological Literature.— 'M.VLUua\ of Qeolofi^y, James 
D. Dana, 259. — Land Mollusks of the West Indian region, and 
their Evidence with regard to past Changes of Land and Sea, C. 
T. Simpson, 261.— Devonian System of Eastern Pennsylvania and 
New York, C. S. Prosser, 262.— Trilobites de Tordovicien d*Kcal- 
grain, J. Bergeron, 262. — Ueber die stratigraphischen Beziehun- 
gen der bohmisohen Stufen F, G, H, Borrande's zum rheinischen 
Devon, E. Katser and E. Holzapfel., 262. — Nooh ein Wort die 
Nothwendigkeit den Terminus **norisch'* ftlr die Hallstfttter Kalke 
aufrecht zu erhalten, A. Bittner, 263.— Thirteenth Annual Re- 
port N. Y. State Geologist, 1894, 263.— New Inseotivore from the 
White River beds, W. B. Scott, 261.— Silurian fossils from Cape 
George, Antigonisb, Nova Scotia, H. M. Ami, 264.— Geological map 
and report of E^ssex county, Mass.. John H . Sears, 264.— Evidence 
of recent Subsidence and Elevation in Essex county, Mass., John 
H . Sears, 266.— Report on the geology of the Coastal Plain of 
Alabama, E. A. Smith, 266.— Paleontology of Missouri, C. R. 
Keyes, 267. — Beitrftge zur Kenntniss der Gattung Oxyrhina, C. 
R. Eastman, 267. 

Recent Publications. — 267. 

Personal and Scientific Neics. — 272. 

MAY NUMBER. 

CKmatic Conditions shown by North American Intergla- 

eial Deposits. Wauken Upham. [Plat^? X.] 278 

The Eruptive Epochs of the Taconic or Lower Cambrian. 
N. H. WiNCHELi 295 

The Nipissing Beach on the north Superior shore. F. B. 

Taylor 804 

A Hypsometric Map of Minsouri. C. R. Keyks. [Illus- 
trated.] 814 

Central Iowa Section of the Mississippian Series. H. 
Foster Bain 817 

Editorial Comment.— The Shaw Mastodons, 825. 

Review of Recent Geological Literature. — The Penokee Iron-bearing 
series of Michigan and Wisconsin, R. D. Ibvino and C. R Yam 
HiSE, 826. — Meteor itenkunde, E. Cohen, 328.— Geotekonische 
Probleme, A. Rothpletz, 328.— Kongl. Vetenskaps-Akademious 
Forhandlingar, G. LindstrOm, 328. — A Preliminary Report on the 
Marbles of Georgia, S. W. McCalt^ie, 329.— Geological Survey of 
New Jersey, Annual Report for 1893, J. C. Smock, 329. 

Correspondence. — Divisions of the Ice Age in the United States and 
Canada, C. H. Hitchcock, 330. 

Personal and Scientific News, 335. 

JUNE NUMBER. 

Remarks on Daimonellx, or "Devil's Corkscrew'' and Al- 
lied Fossils. Joseph T. James. [Plates XI and XII.] 837 

A C/Ontribution to the Geology of the Coast Ranges. An- 
drew i\ Lawson 842 

Canadian Localities of the Taconic Eruptives. N. H. 

WiNCHELJ- 856 



VI Con ten tit. 

Recent Contributions to our Knowledge of the Cladodont 

Sharks. E. W. Claypole 863 

Camptonite dikes near Danbjborough. Vt. Vernon F. 

Maksteks 868 

Auriferous Gravels of the Sierra Nevada. H. W. Turner 871 

Editorial Comment, — The Deep Shaft at LivoDia, N. Y., 379.— The 
Earth's Age, 382. 

Review of Recent Geological Literature, — The Geology of MinDesota, 
vol. Ill, pt. I, of the Final Report, Paleontology, N. H. Wikch- 
RLU State Geologist, 384. — The Geology of Conanicut Island, Q. 
Lt, CoUiiE, 386.— The Geomorphogeny of the Coast of Northern 
California, Andrew C. Lawkon, St. — Annals of Britbh Geology, 
1893, J. F. Bl^ke, 387. — Results of a Transcontinental Series of 
Gravity measurements, G. R. Putnam, 388.— Notes on Gravity 
Determinations Reported by Mr. G . R. Putnam, G. K. Gilbert, 
388. 

Recent Publications, 389. 

Correspondence. — A Correction, F. B. Taylor, 394.— A Question of 
Priorty, W. F. Cummins, 395. — Stages of Recession of the North 
American Ice-Sheet shown by Glacial Lakes, Warren Upham, 
396. 

Personal and Scientific News, 399. 

Index to Volume XV, 401. 



PHOTC 

ENGRAVING 
- PROCESSES 

OF ILLUSTRATION 



COMI'ANY IS PHePARBD TO EXECUTE OR] 
POR II.LU5TRATI0NS OF SCIENTIFIC AND OTHERS 
AUOIPXT^ IN A VERY aUPCRlOR AND ACC 
MANNBIf 

^P Ubfi EVtRY IMPROVEMENT iN MOuEtW* ' 
CRSS INVENTION, AND OUB " HAl.l (ONE" 
UHAvmr. ON cayvEn ts not '51'HI'ASSED in tH 



N.Y, ENGRAVING & PRINTING CC 
1ao.3;: 1 N, Y.GITY. 



r ■ 



Tn Ambbicah acoiootBT, Vol. XT. 




CLADODUS CLARKI. 



THE 



AMERICAN GEOLOGIST. 



Vol. XV. JANUARY, 1895. No. 1. 



I PAL.VONTOI.OC.ICAL NOTKS from IJlCllTKI. COI.I.EOK, No. q.l 

ON A NEW SPECIMEN OF CLADODUS CLARKl. 

Hy E. W. Clayi-olk. Akron. (). 
(Plates I and II.) 

(.linhnhis vhirk'i waH described in the Amkimcan Gk<»i.o(;ist 
for May, 1898, bv the writer, from a specimen found l)j Dr. 
Clark in the ('leveland shale of Cii3'ahoga county, Ohio. 

The specimen, though far from perfect, yet repres<»nted one 
of the best cbulodont fossils that had up to that date been 
discovered and supplied characters with sufficient detail to 
allow specific description. Several teeth were visible in the 
head, hut they were displaced so that their number and ar- 
rangement were not determinable. The general outline (»f the 
fish as far as the middle was fairl}' distinct, and the iins were 
so well preserved as to show alm(»st ever}*^ part of their struc- 
ture Hb(»ve the basal elements. 

Since that time Dr. Clark lias found and disengaged from 
the matrix other specimens which enable me to redefine the 
species, confirming most of the characters previously pub- 
lished, and adding some others that were not discoverable in 
the former fossils. 

A second specimen, also from the Cleveland shale, like the 
former, shows only the fore part of the fish, rather les>< indi^'d 
than was contained in that fossil. Hut fortunately the den- 
tition is preserved in so remarkable a degree of perfection 
that I have no hesitation in stating that no other s])ecimen 
Jct described even approaches it in this respect. In si)ite of 
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!)♦» «'ount«Ml. «4C) tliat there is little rnoiii to douht that this \ru.s 
the normal niiniimiiii niiniheroii oiu* face, whieh mniiher is of 
<*ourse iiuieh h«»lo\v th«» total. 

To the eh'ven liles ot' teeth on this pcM'tion of tJie muxillarv 
must he added two lui^re on the separateil anteri«)r part, com- 
posed of similar teetii. raisinj^ the whole number to thirteen: 
and, from a conipnrison with <tth«»r speeMmens allied to this, 1 
am indiH'ed to h«*lii»ve that this is tlie normal number and 
that it is scldf^m if ever exeeeded. or, if exceeded, that theex- 
eess is small. 

The teeth are all of the same f»;enerai form and eonsist of a 
senii-ellipti<»al base and a main eusp with one diverj^iujjf den- 
tiele c^n eaeh side, as shown in the enlarjjed ligure. Oeeasion- 
allv there an* traeesof verv minute additional dentieles, and 
on some of the teeth the sinj^le lateral on*? is reduced to a very 
small size. Th«» teeth are ipiite smooth on tlieir dat or outer 
fa<*e and but vt-rv faintlv striate »>n the rounded or inner side. 
Th«\v tit eU^se at^ainst one nnrither. the lower lying in the* 
slijjht roneavitv in the outer surfa<'e of the- one immedintely 
abo\ V it. 

It i< not pos<ilil«^ to determine from this specimen whether 
there w;w a median tile of teeth in the front <tf the maxillary; 
but no eviden<*e is found apiinst their existence. 

In the iMjindibles. whi<*h are in far less perfect condition. 
the tiles of teeth are less clearly traceable. Ten are visible, 
however, on the /rj'f side of the head: antl there is room be- 
sidi- thesi', where fraeture hns ilestroyefl the evidence, for 
about two mon-. There is also distinctlv visible a median 
symphvsial file of teeth -similar to the rest, of which two may 
bi' sern in the drawing. The total number, therefore, cannot 
• been very ditfi'rent from that in the upper jaw. 

A(lMii(tin;jr. lw>wever, that there were no more that the num- 
!i«r f'lr wliir-h the evidenet- is inilisputable. we have the fol- 
l^.wiriL' ri-^u!t : There were twenty-six tiles of teeth in the up- 
yirr Jaw-. it\]i\ twenty-five in the lower, making iifty-one in all;. 
o'ld if t|i»'re wt-re on an average only ten teeth in every file., 
t'i'Ti- nn-r [i:i\<- been more than five hundred teeth in the- 

/ '•' lir"," hf'ii Ai'rhfs. In conse«iuence of the crushed and 
!.;-..k' :i '•"?!<! i I i'tij of the cartilages behind the head, it is difti* 
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cnlt and in part impossiblo to inti-rpret them with much eon- 
tidenre. Owing to the fracture and the weathering already 
mentioned, notliing can he seen of the hjoid apparatus, which 
must, therefore, be entirely <unitted. Farther hack, however, 
can be seen manifest traces of five branchial arches. The 
cerutobranehial cartilages are in most cases complete on one 
side or the other, growing more distant posteriori}-. In one 
or two places the connection of these with the epibranchials 
can be detected; but, from the position of the fish, these are 
for the most part concealed in the stone. 

A large basibranchial plate occupies the space between the 
ceratobranchials, and extends somewhat behind the fifth of 
them. As the first and second of these are in advance of the 
front of this plate, it is not improbable that it has been pushed 
backward during the process of fossilization. 
X«) trace of hypobranchials is visible. 

The Shoulder (iirdh\ Amid the confusion of broken car- 
tilages, plates and fin rays, it is not easy to be certain of de- 
tails in this region. Conspicuous, however, in the midline is 
the coracoid plate formed by the fusion of the right and left 
coracoid cartilages, both of which are indistinctly seen in po- 
sition. Their extensions to the scapular region cannot be posi- 
tively identified, but are almost certainly represented by sev- 
eral fragments occupying their positions. 

Tht' Fins, The pectoral fins are the only ones that are vis- 
ible in the fossil, and these are only imi)erfectly displayed; 
but by comparison several facts can be diseovered. In the 
first place, each fin consists principally of about twenty to 
twenty-three strong, cartilaginous, unjoin ted rays, thick at 
the base, and lH*coming gradually thinner and flatter toward 
the margin. Most of these, excepting the few foremost, curve 
gently backward from their bases, then run at right a. '^ 'S 
to the body (when the fin is extended), sweeping again 
backward as they approa<'h the edge. They all ileploy on the 
«lge, those in front without any membranous margin, but the 
hinder part of the fin possesses a distinct region that is desti- 
tute of rays, being occupied by short triehinosts. 

The first few rays form the front edge of the lin by running 
'^'Ut close to one another, but behind tinse tin* rjtvs diverge 
J^nd taper on the margin ; and bi.'twten iImmh coin«' in iiiler- 
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r;»(ii«ls, \vhi4«li till tii«* >5j)a«M*.c thus left li«'t\v«M»u tlu* primari*'*^. 
In soin*' casi's tlii'sc int»M*ra<iials iM'jxin fiboiii the nii(Uli«» of 
th<' fin. 'rin.'M«» aiv nt»t thi' rays <\t' a second paraili*! scrit-s. 
Tlu'V liav<* no bases, hnt <'omnuMi<M' tliinand narrow, irrathia 11 v 
thir'kt'ninjr an«l wiii<Miinjr as rlu-y run (»ut ii])on ili«» front i^i^ir. 
when* lliny :i1taiii tluMr jifn'at«*st hrcatitli and «Milin'ly till tii»- 
^aps I><»rwt»on till* (Mills ai' the j)rinjary riiy<. IMumi tht* tip 
oT the fin thes(» si^eondnrv ravs rai)er In tlu^ <Mi^e, and Ix'twecn 
th*Mn oermr tertiary rays, \vh<*re ih(» ])riniaries and the >«'«.»- 
ondaries do not entin^ly till the intervals. These are shuwn 
in the tio;iire. 

The inter(»alation of these intermediate rays nriv<*s at tirst 
siy:iit tin* impression of a hifiireathtn of th«' rays. But this is 
in('orn*et. There is no hi furcation. The nrimarv ravs cf»n- 

ft •/ V 

tinue sinprle ti» the extremities. The tivi? foremost ones widen 
out to the mar<;ci". h*avin^ no jj^^ips. The others hehintl them 
remain of uniform width, or even heeome narrower outward Iv, 
thus atfordinff «p»f-<* for the seeondarv and tertiiirv ravs above 
mentioned. These are the most eonspieuous parts of the tins, 
anfl with th<* aid of the lij^iire anyone will be enabled to rer- 
o^rnize their j^enernl <*har»(*ter. 

In retjani tn the basal portions, we ean only rejxrrt tliat the 
eruslwd eondiliou of tin- spetdmcn preehules all eertainty 
about its strueture. Amid the ennfusion, one fragment is 
stron^i^ly su<jfifestive of a prim:iry, and^inother on the oj»pi>sit^ 
side of :) Seeondarv, bjisal. fr<»m both of whieh the anterior 
fin-radiMls may !>«• imagined to spring. But to enlarge on 
su<'h ptissibilities would he little more than speeidation and 
waste of spaee. Ft is safer to suspend our judgment until a 
speeimen or a fragment shall eonje to light in which the striic- 
tur»' is well preserved, when the [>n»blem will be at once solved. 

Meanwhile it is saf«? to sny that there is no proof of an 
arehiptt-rygial type in the fiu'ni or structure of the lin. It 
niMrt- resi inhles an ichthyopteryginm <"losely allied in form to 
th.ii -if the shurk^ of to-iiay and containing the same number 
(»r r.'ivs a*^ do iiianv or mo>t of th<'se. Important ditierences. 
li<.\M\i r. JM'e the absence of jrtints in the cartilages, their great 
\fu\rr\i. \n\t\ the ^rnallness i>i tht^ area of the fin that is occu- 
pi i! .';;. til.- tri'-!iin'«-:t>. On all these points the specimens? 
;^i' !■ ji-.-it iv»' "vifleiicr. 
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The Cohnnbia Fornuition in X. \\\ IlUnois, — Hvraheij, 7 

The siMrond figure of the head represents a lateral view of a 
speeimen on which, by a fortunate coineidenee or aecideut, 
the fossil has preserved for us another aspeet. Here the teeth 
are e(iually well shown, and the truly cladodont form of the 
jaw is manifest by its exact reproduction of that of C'bnhnlu» 
Hniffiiijfrtfu. Here, however, the anteri(»r portion is missing, 
and nothing has been preserved behind the jaws. 

Several other specimens of the same species are in the pos- 
s«*ssion of the discoverer, but they at present add little to the 
details which have been furnished by the two remarkable ones 
here described, whicli have been excellently disengaged from 
the matrix by Dr. (.'lark. 

Explanation of Fkuuks. 
Pi.ATK I. HhjuI »)f ClaOiHlHi* durki^ as shnwn on ventral asprct, llat- 

l«*n«*il. 
Platk II. Kir.. 1. Side virw of the head of CIhiIihIuh rltirki, fn)m all- 
ot Iut specimen, left hsih'cI. 
1*LATK II. kk; 2. Uij^hl iM-cttiral fin of ChuhnhiM rfaHi, dorsal view. 



THE COLUMBIA FORMATION IN NORTHWESTERN 
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InTUOI)1<'TIoN. 

In a recent paper,t the writer has endeavored to show that 
the earliest known ^la<*iation of the northern i)art of the stnte 
of Illinois long preceded the epoch of h;ess.dej)ositinjx waters 
and was separated from it by an exerptioiially prnimiinced 
period of subaerial erosion. This (h*tr|aciatioti interval is 
marked bj the excavation of extensive valleys or ;^orj;(s in 
the limestone bed rock of the n';^ion. valh-ys in ilw old drift 

*K«'acl Ik'Toh' S«'etion K of ih<' Ami-ricjiii .\>s'K"i;it j«iti lui- Mm- A'1\;iih-i-- 
m«*iil of Selene*' at tin* linioklvn nuMiini:. Aul'ii>i fo. iv.ij 

■ 

+ "TIh* Pieistocen*.* KoeU <iori:»*N in N-ti li\vi-si<-iii liii-i-iis." .Vmi.km an 

<Jkoum;ist. vol. XII. pp. :n i-:{i:i. N(»\tnti)'i. i^!»:;. 
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slieet, oxidation, leaching, soil production, and a general de- 
gradation of the surface of the drift, with a buried fores*t bed, 
which occurs only locally in Illinois but is niore generally dis- 
tributed on the Iowa side of the Mississippi river. This pe- 
riod of subaerial erosion was followed, in northwestern Illi- 
nois, by a period of loess deposition. As it is held by some 
geologists* that the Columbia formation dates from the first 
ice invasion of eastern North America, with a continuance of 
its deposition somewhat later, and also that the loess of the 
central and southern Mississippi valley is a portion of this 
formation, some doubt has been expressed that the loess of 
northwestern Illinois is the chronologic equivalent of that of 
the lower Mississippi valley. It is the aim of the present 
paper to show that it is so equivalent: also that there is a re- 
markable parallelism between the several members of the Co- 
lumbia in the Mississippi embayment and in portions of 
northern Jllinois. 

In the topographic basin of the Pecatonica river, in the 
north central portion of this district, there is a more complete 
and more easily deciphered record of the stratal succession 
than in anj' other portion, and my remarks will, therefore, re- 
late chiefly to that subdistrict. It is mostl}'^ comprised within 
the tract of early drift adjoining the southeastern part of the 
Wisconsin driftless area.f 

The Columbia formation in this part of Illinois is clearly 
differentiated into three distinct members, which, for conven- 
ience in discussion, are designated respectively as the Florence 
gravel or Fluvial member, the Valley loess, and the Upland 
loess. These will be described under their separate headings, 
with discussion of their mode of formation and significance. 

Flokenoe Gkavel. 
This, the basal member of the (.'olumbia deposits, is eon- 
fined to the lowest levels of the principal valleys, and its out- 

*Twrlftli Annual Urporl of iIh« I'. S. Gcol. Survov, for 18JK)-'91, Part 
1. i». 40->. 

•ff'onsult l*i-()f. 'I\ ( '. ClinnilMM-lin's mjip nf tli»* drirt-b«*arinjr areas of 
ilu- Tniit'd Siairs. fjirinin*: platt- viii in tln' Swriilh An. Kop., V. S. 
(h'oI. Surv«'\. tor tln' relationship of tin* P»>ca!(»nifa basin to lht» <*arlior 
and latiT <lri(t and to ihr ilrifllfss an-a of Wisconsin and tho norlhwi'St- 
iTn <'orni'r of Illinois. For maps of larir<'r scab' sliowinj; tho basin, witli 
t]i«> jironuni-nt nioraint-son th<> north and cast and the driftless area on 
ihr ntirthwi'st. mc plates xxix and xx.xi in tho Third An. Uep.t nnd 
phjii- xxvN in tin- Sixth An. U«'[>., V . S. (irol. Siirvrv. 
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<'rop«, althotig^ii fairlv nunierou!?. never exceetl more than a 
few feet in thickness. The tvpieal localities are in the banks 
of Yellow and C'rane's creeks, a few miles west and south of 
tlie citv of Freeport. but even here it can bt» examined only at 
low water. Wherever seen, it is in jjeneral a loose agglomer- 
ation of small gravel and sand of a blue grav color. The 
folI<»wing section is typical of the deposit. It is commonly 
overlain by bluish gray loess with few shells. 

\. Liu'ht hliR-'Tjiv irravel and san«l. with maiiv shells, ti inches 
'I. Dark blu«*-?rav or binish-bniwn f1n»* sjimlv clav. full 

*if black and lurlit bn>wn bits uf wthnl 1*2 inchi-s 

W. Vi^rv \mtisk* liirht irrav cnars** i:rav»-l anil sand, with 

>h*'lls and a liiil** wihhI. f\|>us«'d >* incht\s 

Usually the more sandy portions are full of shells of small 
size. A small collection t>f these has been submitted to Mr. 
C. T. Simpson, of the department of c«mchology, in the Na- 
tional Museum, who reports the presence of the following 
species, all of which are found living abundantly in the fresh 
waters i\{ northern Illinois to-dav: 

n«*un)c«*ra siibulan* Lka. Plani»rbis birarinatu> Say. 

Physa hetcmslropha Say. SphiiTium >tamin(*um ('«)N. 

Valvata tricarinala Say. Ptsidium alHliitim Hald. ? 

These all differ from the fossil shells generally reported 
from the loess along the Mississippi river. 

The fossil vegetable matter is in the form of {u) small 
black particles of carbon disseminated through the deposit, 
and giving it its blue-gray color: {h) long thin Hbi^rs, appar- 
ently rootlets, many of which seem to be /// sifu in the dark 
i?andy clays in which they now r)ccur: (r) many black, serai- 
decayed pieces of tree branches. o<'casionally reaching a thick- 
ness of several inches. Some of this w«M)d, from the same lo- 
cality as the foregoing shells, was subniitt«'d to Prof. F. II. 
Knowlton, who reports that the interior is too much damaged 
by pressure t(» permit determination of the species, but that it 
is apparently coniferous. Hranches have been found which 
certainly belong to deciduous specie^, but most of the woody 
matter from this horizon appears t(» be of rediir antl j>in<*. 

The material of which this deposit is <M)inposrd throws 
much light on the manner of its fiiriu:iti«)n. At hsist niiie- 
tenths of the pebbles in the gnivt-l ;in' nf Iocm! niarerlal, 
principally Galena limestone and whit*- <'lnrt, (It-rivrtl pr«»ba- 
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bly from neighboring bliiti's. Thi6loca4 material is sometimes 
angular, but more generally is semi -rounded. Pebbles several 
inches in diameter have been found, and these are sharpl}' 
angular. There also occurs among the gravel a great variety 
of drift pebbles. The sand is composed chiefly of well rounded 
grains of transparent colorless quartz. At one locality a 
gravelly stratum near the top of the deposit was lithified^ by 
reddish brown oxide of iron, into a soft conglomerate. In the 
valley of Oane's creek a considerable portion of the gravel 
consists of fossiliferous limestone of Cincinnati age, whicli 
could not have been derived from the drift in the immediate 
vicinit}' but must have been brought by strong currents of 
water from the outcrop of the Cincinnati strata, several miles 
up the valley. 

The composition, structure, and limited distribution of this 
member of the Columbia formation show it to be a river de- 
posit, such as is laid down by streams of a moderate gradient 
at tht* present day. Its surface maintains a nearly constant 
level relative to the present water level, presumably indicat- 
ing the flood-plain level of the Florence streams. This opin- 
ion is further supported by local patches, apparently similar 
to the alluvial soil at the surface of our present flood-plains. 
Now, accepting the hypothesis that the surface of the deposit 
represents the ancient flood-plain level, we iind that this level 
averages JO feet or more below the alluvial plains of the pres- 
ent streams. It is generally conceded that the absolute ele- 
vation of a flood-plain in any given region is directly do- 
pendent on the relative altitude of the land above sea level, 
the flood-plain rising if the land is depressed, and, vice versa^ 
disappearing and forming at lower levels or ceasing to be a 
flood-plain if the land is in j^rocess of elevation. As there is 
no evidence? supporting the supposition that the relation be- 
tween altitude and wnter level was materiallj' ditferent, dur- 
ing the period of ih(» growth of the Florence flood-plain, from 
what it is at the pres(Mit day. we niav safely assert that the- 
l:»Tul then stood at a i<li[ihthi higher altitude than it does at 
present. 

This hind was also then in prr)ci'>;S of depression. The Flor- 
ence fl(K)d-plMiii ])asses ihrougli tfie old interglacial rock 
g(>rg<'s. whicli are (juite numerous in the Pecatonica basin, and 



The Co}tnnhin /• V na *ifiun in X. U '. IV inn is, — // trs h* u, 11 

in many ^•«i?ses fills their lower port ion •= with i\ heil <if blue 
gravel and driftwood to a depth of a« niii<*h as ten fet-l. At 
the time of the excavation of these porjres ilie fstn-anis were 
mure vigorous and flowed at a lower level, indiratin^ a e«»n- 
siderahly more elevated condition <»f the re;ri«»n. Hut later, 
when the Florence gravel and alluvial sand and clay w<Te ac- 
cumulating, nrit only the fact of the gradual silting of the val- 
leys, but the passage of 'these flood-plains thn»ut;h the inter- 
glacial gorges, <leeply burying their nwk bt»ttonis, in<lic*ates a 
lower altitude for the district than form«Tly. It \^ presume«l 
that this depression, beginning long liefore the appearance iif 
the lirst flood-plain deposits, c<intinued at a conqmrativcly 
even rate through the Florence subefMich. an<l wa^ merely the 
first part of the great Columbia subsidence i<i whieh tin* loess 
owes its existence. 

Although this basal or fluvial member of the Columbia for- 
mation is, as vet, onlv known to the wrili-r in the basin of tlie 
Pecatonica river, it is doubtless present in all the larger val- 
leys in this portion of the state. Lying at sn Inw a level and 
having such imperfect and inaccessible «Hiterop».. it eaii ea^^ily 
escape observation. A few wells in ll^>rlhwe^t<•rn Illiin»i.ri pen- 
etrate a black muckv stratum, containing log- 2in<l otlM-r woodv 
matter, under the loess and over lhe<lrift -ln-et. 'rhi*»oeenpii's 
the same stratigraphic p(»siiion as the Floren**!* grav«-l. but it 
is rather of the nature of an u]»land -oil than a fluvial di'posit. 
The buried f(»rest bed of n<»rthea*»terii Iowa i?- aUo *trat igrjipli- 
ically equivalent to the Florence gravel, iind the fo-^^jl eon- 
tents indicate a similar climate. Ailli«»Mgli tin- -turly «»f thi* 
fossils of our earlv Cr»lumbia fliivi:«l mmmmIi't i- v»'t verv 
incomplete, I feel certain, from the ^rejit Mbiindanec ••f -lielU 
belonging to species now living in this regi»»n. that tlir- cliniati- 
was not arctic, nor even sueh as wouM be foinul within loo or 
perhaps 200 miles from the edtr** "f tlj»- jrri-.it eimtiiM-rMjil 

glacier. 

Valli:^ Lo »;.-*. 

The basal member of the Columbia forma ii<»n in tl.i- iji-triet 
grades upward into a dep<^»>it wlii'-h. in tli»- !*i";it<»jiie;i vjiiN-v. 
is a moderately fine stratified sand. f«.!low»<l ali-iv- l.y a liL^it 
bluish gray or bn»wn loess: but iri liic i-Mjjiili.r vjiilty*. n-.tjiMy 
the vallev of Yellow creek, the jor-*;. •jh iin:iiiili;it.lv "veriji-^ 
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the Floroncre sand. The gcojtcrHphic distributicm of the Val- 
ley loess is nearly coextensive with that portion of the district 
which lies lower than a plane 100 feet above the river level at 
Freeport. In ascending tiie Pecatonica river, the deposit is 
first met with on the north side of the valley, near the month 
of Sugar river. Here it forms a nearly level though discon- 
tinuous terrace, 50 feet above the river, and runs west along 
the foot of the blutl's to the Stephenson county line, beyond 
which it is less distinct, though occuring at intervals on both 
sides of the valley. At Freeport itshight hasdecreased to J50 
feet, and northwest from there it rarely forms any prominent 
terrace. Wells drilled into this t<»rrace usually penetrate 
about 20 feet of fine silty loess, and then 150 feet (»f brown 
stratified sand. This brown sand, or lower division of the 
Valley loess, is moderately coarse-grained at the base, where 
it often contains small pebbles and much ferruginous matter. 
The material gradually grows finer from the base upward, and 
from east to west in the vallev. At the same time the strati- 
fication and lamination become less distinct as the material 
grows finer, and there is less evidence of wave and current ac- 
tion. The thickness of the deposit is something over 80 feet 
in the lower portion of the Pecatonica valley and decreases 
westward. It occurs only at the lower levels of the deeper 
valleys. In the vicinity of Freeport, and eastward down tluj 
valley, it has its greatest thickness below the level of 26 feet 
above the flood-plain of the river. Above this it thins out in 
passing up the sides of the valley, and it has not been recog- 
nized at bights more than 00 feet above the Hood- plain level. 
Throughout the Pecatonica valley from the mouth of Sugar 
river t^) Winslow, near the state line, this division of the loess 
maintains a nearly uniform constituti()n. being ever^'where an 
easily recognized bed <)f brown sand. But in passing up the 
valley of Yellow creek we find a change, sand deposits belong- 
ing to the lc>ess occurring only in scattered patches. Instead, 
we find a tew feet of highly ferruginous, indistinctly lami- 
nated day, underh'ing the easily recognized upper division of 
the Valley loess. The iron oxide was probably derived from 
the old soil on the ridges near by, and in some places it is 
present in su<'h amount as t<» give the deposit the appeurancc 
of an (^arthy iron ore. 
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Its constitution, diHtribution, stratifuvition, and surfat'c con- 
figuration, seem strongly to support the In'pothesis that ihc 
brown sand division of the Valley loess was formed under flu- 
vi«i-lacustrine conditions, and that it consists of glacial silt 
derived from an ice-sheet somewhere to tlie east. 

The lower division of the Valley loess passes into the upper 
liivision bv interstratification. This latter is essentiallv a 
stratified fine sandy day or silt, havinjj usually <'itlier a li^ht 
or dark bluish gray color; but where it has been expr»sed to 
oxidation, it has a light but!* color. The lamination is very 
distinct in the lower portion, but lM*conios l<»ss so upward: 
and finally it t^)tally disappears at the top of the deposit. 
There is also a gradual decrease in the size of th<» particles 
from the base upward, and a general thinning of the strata to 
the west. A few fossil shells are sometimes found in this di- 
vision of the loess, apparently similar to those enclosed in tbe 
loess along the Mississippi river. Calcareous concretions are 
abundant in some localities, and the surface on cxp(>sure rap- 
idly becomes coated with a whitish etHorcscence. When sub- 
ject t-o erosion, as in gutters and stream beds, the outcrop re- 
sembles laminated shales, sometimes having the app<*aranc<*of 
being tilted at a high angle. At one place a small gully was 
found partially filled with rounded pebbles of a dark brown 
color, which, on examination, proved to be comp<»sed of loess 
belonging to this division. 

This upper or '' blue clay'' division (►f the Valley loess is 
found everywhere (unless it has been removed by <*rosion^ in 
the main valley of the Pecatonicn river and along its j)rin<*i- 
pal branches in Stephenson county and in a i)ortion of Winne- 
bago county; but it occurs only to a limited liight abovt* the 
floo<l-plain of the river at Freeport. It attains its greatest 
thickness, which is 20 feet or more, at lcv«'ls less than r>() fcrt 
above this flood-plain ; and thence upward it rapidly tfiinsout, 
totally disappearing before the 100- foot level is n*iich<*d. 
Hence, although it has a rather wide distribution, it is essen- 
tially a valley loess. 

The phenomena connected with this division «d' the loe»;s 
seem to indicate a formation under fluvio. lacustrine ecuidi- 
tions similar to those of the l(»wer divisifui. but in a deeper and 
more extensive lake, with less powerful currents than that 
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upper 8 to 5 feet of the Upland loess has been weathered to a 
i«x»5e porous clay of a buif color, which often breaks up into 
«mall cubical blocks. 

The distribution of this deposit is nearly coextensive with 
all that part of northwestern Illinois west of an irregular line 
t-ntering the state at the northeast corner of Stephenson 
♦vninty. thence running east-southeast to the mouth of Sugar 
river, thence west-southwest along the Pecatonica river to the 
Stephenson county line near the village of Pecatonica, and 
thence eastward to near Rockford, from which point onward 
it is not yet traced but is supposed to extend in a very irreg- 
ular course southwestward along the valley of the Rock river 
to some point below Oregon, whence it probably trends oft* to 
the south, passing out of the district covered by this paper. 
Throughout the country between this line and the Mississippi 
river, the Upland loess must have originally existed as a man- 
tle of remarkably uniform thickness resting alike on the Val- 
ley loess in the deeper valleys and the old interglacial soil on 
the ridges. Its altitudinal limit has not yet been determined 
with certainty, as it has sulfered great erosion and so has been 
removed from many of the steeper ridges. Beds of clay which 
are apparently Upland loess have been observed on some of 
the "mounds'^ of Jo Daviess and Stephenson counties, and it 
is probable that it was originally deposited on them all. It 
certainly attains a greater altitude than 1,000 feet above the 
sea, or more than 250 feet above the Pecatonica river at 
Freeport. 

Northwestern Illinois is a very hilly region, as compared 
with the central portion of the state. The range in altitude 
between the "mounds" and the Mississippi river is as much 
as 600 feet, reached sometimes within a distance of a few 
miles. On these st^ep slopes the loess remains only in 
patches; but in Stephenson county, where the hills attain an 
elevation above the valleys of only a few hundred feet and 
the slopes are gentler, it occupies nearly the entire surface. 
Perhaps more than half of the formation has already been re- 
moved by erosion, but in favorable situations nearly the en- 
tire thickness remiains and is found to be about as follows: 
In the northeast portion of Stephenson county, and in the 
northwest portion of Winnebag(» county, 7 or S feet, main- 
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tainiiig also about the same thickness throughout all the 
northern half of Stephenson county. There was apparently 
10 feet of Upland loess in P>eeport and its vicinity ; and from 
here it thickens toward the west and southwest, so that it 
may have amounted to 20 feet in the southwest corner of the 
county. The thinning toward the east is in contrast with the 
Valley loess, and seems to indicate that the main source of 
the sediment lay beyond or up the Mississippi valley, instead 
of eastward as at the time of deposition of the Valley loess. 
The Upland loess is everywhere of greatest thickness in the 
vicinity of the Mississippi river. 

A few shells have been observed in this formation at a few 
localities, but they are rare and not of much importance. In- 
deed, the loess-depositing waters in the Pecatonica and Rock 
river valleys must have been nearly lifeless, in marked con- 
trast with the abundance of invertebrat-es in the streams of 
the preceding Florence subepoch. 

It has been concluded from a study of the phenomena con- 
nected with the Upland loess that it was deposited under al- 
most purely lacustrine conditions. The sediment gradually 
subsided to the bottom of the great lake where it was laid 
down with neither current nor wave action. The lake must 
have had a depth, over the lower portion of the Pecatonica 
valley, of at least 250 to 300 feet; over the Mississippi valley 
its depth was 600 feet or more; and throughout the greater 
part of northwestern Illinois it exceeded 100 feet. 

The different beds or divisions of the loess of this district 
were deposited one after the other without any stratigraphic 
break between them. Their phenomena indicate that they 
were formed in a lake, or series of lakes, at first long and nar- 
row, with many similarly shaped arms, and having strong 
currents capable of carrying coarse sand ; but later gradually 
increasing in depth and width, with a consequent decrease in 
the sediment-carrying power, rising slowly along the valley 
slopes and over the upland ridges, until finally perhaps the 
highest land in northwestern Illinois was covered with water. 
This gradual increase in the size of the lake must have been 
brought on by a gradual subsidence of the land, which, as we 
have seen, began previous to the formation of the lowest por- 
tion of the loess. 
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Correlation with adjoining Glacial Drift. 
The character of the Valley loess, as noted in the Pecaton- 
iea basin, points to an origin of its material from the lower 
part of the valley towards the east. As the material is un- 
doubtedly glacial silt, we naturally look in that direction for 
some evidence that an ice-sheet or continental glacier lay^ near 
to the loess-depositing waters. It ie now believed that such 
evidence has been discovered, and I will endeavor to present 
such portion of it as is known to me. 

The irregular line mentioned as bounding the Upland loess 
on its eastern side very nearly coincides with the terminal 
line of a distinctive drift sheet.* This drift is distinguished 
from the very ancient sheet to the west of it by (a) a very 
much fresher appearance: (b) less oxidation and less depth of 
leaching; (c) a discordance between the gravel ridge (esker) 
systems of the two sheets; (d) a discordance in the direction 
of glacial movement, and, in the Pecatonica valley, in the 
trend of the terminal lines of the two ice-sheets when they oc- 
cupied the same relative positions; (e) a very much different 
topography, the country underlaid by the western or ancient 
drift having that of a slightly glaciated region, and the coun- 
try underlaid by the newer sheet having that of a more ad- 
vanced stage of glaciation ; (/) the newer sheet is several 
times as heavy as the old, this difference being especially con- 
spicuous along the boundary; (</) the presence of slight but 
(iietinct morainic features east of the line, especially along 
the outer edge of the newer sheet; (h) very much less sub- 
aerial erosion on the drift east than on the ancient sheet west 
of the line; (i) the fact that the newer drift is near its edge 
overlaid by Upland loess, without any soil or other evidence 
(>f land surface between, while the drift to the west shows de- 
cided manifestations of a long interval between the formation 
of the drift sheet and the overlying loess. 

The relations of the loess to this newer drift sheet are well 
8hown in the Pecatonica valle3\ It has already been stated 
that the terrace formed by the Valley loess runs down the 
north side of the valley to about the mouth of Sugar river. 

*The cxist»*nce of this drifi slu*»'t, as distinct from tin* oldiT drift to 
the Wfst, was first pointed out to the writer by Mr. I. M. H\U'\\, of l^e- 
I"il. Wisconsin, who also noti*d the fart that it bounds thr loess on its 
eastern side. 
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This is twelve miles farther than the terrace on the south side 
of the river, which does not reach the Winnebago county line. 
This north side terrace in Winnebago county is a well-marked 
bench, 60 to 60 feet above the river, which has cut into it but 
hardly removed much of its bulk. Directly opposite, on the 
south side of the valley, instead of a similar terrace of 60 
feet thickness of loess, we find no loess whatever; only the 
sloping rock surface overlaid with thin drift of the newer 
sheet. It is hence evident that the loess on the north side 
was deposited before the drift sheet was formed on the south 
«ide of the valley, else this side would have received a heavy 
-deposit of loess also. Having found that the epoch of loess 
deposition was not subsequent to that of the newer drift 
fiheet, we will next look into the probability of its having pre- 
ceded it. The newer drift in this vicinity (we use the term 
**newer drift" to distinguish this sheet from the very much 
older one to the west, and not as designating the latest formed 
drift sheet in America) was formed by a long and compara- 
tively narrow lobe of the ice which projected toward the west 
from the general front of the glacier. There is a ridged ac- 
cumulation of drift about its border, which is further distin- 
guished by a boulder belt. But the amount of material in 
this ridge, especially about its western end, is remarkably 
small, in comparison with the length of time it was occupied 
by the edge of the ice as indicated by other phenomena. Had 
a deposit of loess been found by the ice on the south side of 
the valley as great as now exists on the north side, and had 
it plowed up and entirely removed this loess as it must have 
done to produce the present configuration, the morainic ridge 
at its border, and especially at its westward end, should now 
be ten times as large as it really is. We naturally conclude 
that there never was any deposit of loess on the south side of 
the valley, and that the Valley loess and newer drift sheet in 
this vicinity were formed cont<jmporaneously. This conclu- 
sion is further supported by internal discordance in the strat- 
ification of the loess of the terrace as though it were subject 
at times to external pressure from the directiX)n of the ice. 
Moreover, while the main body of the ice lobe lay on the un- 
dulating country to the south of the river valley and the north 
edge of the ice rested in the valley, leaving a space between 
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it and the bluffs in which the loess was being deposited, near 
its western end it touched the bluff on the north side for* a few 
hundred yards, there accumulating its drift and boulder belt 
and cutting off the loess. The terrace is quite distinct east 
of this point, but up the valley to the west it is lower and 
otherwise much less prominent. This I interpret as indica- 
ting that while the loess was accumulating rapidly in the com- 
paratively small and narrow but deep trough between the ice 
and the bluff east of this point, westward it spread out over 
the entire valley and so is less strongly developed at any given 
point. Had the ice not occupied the position here supposed, 
this would not have been the case. 

The heavy deposits of Valley loess along the Mississippi 
river doubtless were derived largely from the ice-sheet which 
then stood not far back from the river in Iowa and Minnesota, 
and in smaller amount from its portion in Wisconsin — a 
northern prolongation of the ice-front here indicated in Il- 
linois. 

Just beyond the extreme border of thisnewer drift sheet we 
find the ordinary Upland loess, originally 7 or 8 feet thick. 
Aroiind the northern and western sides of the Pecatonica ice- 
lobe the loess terminates comparatively abruptly at the edge 
of the newer drift. Usually, however, it overlaps it for some 
distance. But while it is 7 feet thick beyond the newer drift, 
the overlapping portion is only from 2 to 8 feet in thickness, 
often gradually thinning until it totally disappears. This 
overlapping portion may extend one, two, or ten miles back 
upon the newer drift, but it is usually not present in any 
identifiable form more than a few miles. As alread}' sug- 
gested, there is no stratigraphic break (if the term may be 
applied in a matter of this kind) between the newer drift and 
the Upland loess. The one grades, sometimes quite insensi- 
blv, into the other. 

Around the edge of the newer drift we find the l^pland loess 
quite sandy, a feature which is rare for it away from the bor- 
der, but just what we should expect near the source of the 
sediment, where the water rushed down from the ice- front, 
carrying sand as well as fine silt, and scattering it over the 
submerged hills near by. As a final argument, T will men- 
tion that the loess-covered country lies higher than the 
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country to the east, from which it is absent. This differ- 
ence along the border is so great that no differential subsi- 
dence theory will explain it. To suppose that the ice ad- 
vanced and plowed it up and removed it from the country 
where no loess is now found, is equally preposterous, for 
there certainly is no remnant of such a loess mantle any- 
where under the newer drift sheet, nor are the slight morainic 
ridges which bound it at all comparable in size with those 
that would have been produced by the plowing up of a loess 
deposit, a portion of which must have escaped being carried 
away by subglacial and extraglacial- drainage. . 

Sequence op the Glacial History. 
The sequence of events here during the Ice age, as indicated 
by these observations, may be summarized as follows: 

1. Northwestern Illinois, after having passed through one 
period of glaciation, had a prolonged period of subaerial ero- 
sion and soil formation, during which the climatal conditions 
were probably similar to what they are to-day. Near the end 
of this period, but while the surface was still covered with its 
temperate vegetation and the streams full of invertebrate ani- 
mals, we find the land in process of subsidence. The return- 
ing ice had certainly not j^et reached the mouth of. the Peca- 
toniea river, and perhaps was many miles away; but the 
streams had begun to silt up their valleys, forming low and 
gravollj" flood-plains. 

2. Next we find the ice moving up the Pecatonica valley, 
the land going down towards sea level and the water level 
rising, producing long lake-like rivers through which the gla- 
cier- born currents rushed, carrying coarse sediment. The 
climate had grown cold, and the former flora and fauna had 
largely disappeared. 

3. Still the subsidence continues; the lakes rise, and finer 
sediment is carried. The ice advance has, in the Pecatonica 
valley at least, reached its climax; and the front remains sta- 
tionary, or nearly so, while the Valley loess is being deposited. 

4. The epeirogenic movement has now reached its culmina- 
tion; nearly the entire region, so far as not covered by the 
mer de f/lacc, is submerged, and the Upland loess is laid down. 
The ice on the eastern side begins to retreat, and for a while 
the loess-depositing waters follow it up. But an elevator^^ 
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movement has set in, and the waters begin to subside. This 
movement must have been comparatively rapid, for no shore 
lines were formed and no considerable body of loess appears 
to have been laid down after theelevatory movement was well 
advanced. 

These conclusions, although formed chiefly from a stud}' of 
the loess deposits of the Pecatonica basin and surrounding re- 
gion, are, I believe, generally applicable to this portion of the 
upper Mississippi valley. It has been held b}*- a number of 
glacialists that the loess of the driftless area in Wisconsin, 
Iowa, and Minnesota, was laid down in a large lake produced 
by the ponding up of the waters through the meeting of two 
lobes of the ice-sheet south of that area. But it does not yet 
appear that ice on the Illinois side came into contact with the 
Iowa ice at the time required. The Upland loesn, once com- 
pletely mantling northwestern Illinois, west of the newer drift 
sheet mentioned in this paper, extends north into Wisconsin, 
where the waters depositing it seem to have been limited, at 
leaf«t for some distance in Green county, by a shore line of 
land instead of the border of a glacier. The same sheet of 
Upland loess reappears on the Iowa side of the Mississippi, 
where Mr. W J McGee has shown it to be connected with a 
drift sheet similar to that with which it is connected in Illi- 
nois* But on our own side of the river this drift sheet does 
not reach the Mississippi at the place assigned to it, if it does, 
indeed, at all. The earlier drift sheet of northwestern Illi- 
nois underlies all the country(except where removed by ero- 
sion) that the writer has been over between Freeport and 
Quincy. Furthermore, the Upland loess, which overlies the 
ancient drift sheet in the Pecatonica basin, is continuous 
(save as severed by erosion) over all the country west to the 
Mississippi river and south to the Rock river. It emerges 
from under deposits of a later age on the south side of the 
Green river basin, and thence continues over the country to 
the south as far as the writer's studies have been carried. f 

*"The Plci.stoc<*no Historv of N<»rtln*;isU'rn Iowa," Kli'v«Milh Animal 
Kt?portof the r. S. Geol. Siirvi'v. for lS8!)-'<>0. 

fThe r»?lHlion betwoon th«' lof'ss of th«' Pccalonica basin and that of 
JJ'^'i'Hiitpal Mississippi vallry was first iM)inl»'(l out tt> ilic writrr bv Mr. 
•"fank L<»vprett. It has since born v»»ritii'(l by personal observation. 
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the Gulf." These clays were deposited soon after the begin- 
ning of the Columbia submergence, the great river gradually 
silting up its lower valley. The Port Hudson clays seem to 
have been formed under very similar conditions as the basal 
fluvial member of the Columbia in northwestern Illinois; the 
general appearance and constitution of the former are similar 
to the finer portions of the latter ; and they both apparently 
bear tbe same relation to the great Columbia submergence, 
and to the deposits over them. 

Believing that the submergence of the upper Mississippi 
valley was contemporaneous with that of the Mississippi em- 
bayment and the Atlantic coastal plain, I think it very prob- 
able that this submergence had reached the stage of formation 
of flood-plain deposits in both regions at or about the same 
time: and that the F*lorence gravel, sand, and<*lay of the Pec- 
atonica basin, and presumably of all western Illinois, arc the 
northern representative of the Port Hudson member of the 
Columbia formation ; and that not improbably the two are 
continuous, as a single horizon, under the loess and modern 
alluvium, through the valley of the Mississippi. 

McGee next finds his second member of the Columbia for- 
mation in the Mississippi embayment to consist of a coarse 
stratified sand and gravel (Saiford's ''Orange sand"). The 
submergence was greater and the region of the lower Missis- 
sippi had become an extensive bu}', into which the great river 
brought vast quantities of sediment from the glaciers in the 
North and mixed it with the local materia] which makes up 
the great body of the sandy member in the Mississipf>i vm- 
bayment. It certainly requires no great stretch of the imagi- 
nation to suppose that the sand}' or lr)wer division (»f the 
Valley loess in northwestern Illinois may be the northern ex- 
tension of this second member of the Columbia in the South. 
McGee also finds that at the time of greatest submergence 
in the Mississippi embayment a mantle of loess and loam, 
composed largely of glacial rock-flour from the north, was 
l*i(l down on the bottom of the great bay. At the same time 
of maximum submergence in the upper Mississippi valley, a 
^W Bimilar iKfd of glacial silt was being depr»sited over nearly 
all the countrv which was not covered with u**-. This is the 
^called Upland loess o/ the Peeatoniea basin and -iirn»un(l- 
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Ing region. As we have endeavored to show, there is every 
reason for believing it continuous along the Mississippi bluifs 
and to some extent over the upland country to the Columbia 
in southern Illinois. 

In conclusion, there seems to me to be little doubt that the 
loess deposits of northwestern Illinois, including the Peca- 
tonica basin, are Columbia in age. Hence it seems to be rea- 
sonably inferred that the Columbia formation does not date 
from the time of the first glaciation of eastern North America 
represented by the ancient drift sheet adjoining the driftless 
area in northwestern Illinois and northeastern Iowa, but was 
contemporaneous with an intermediate stage of glacial ad- 
vance, which may probably have been closer to the end than 
to the beginning of the Pleistocene period. 



THE MUNUSCONG ISLANDS. 

By F. B. Taylor, Fort Wayne. Ind. 

Since the autumn of 1891 excursions made in the vicinity 
of Mackinac island have added several new facts to those pre- 
sented in a previous paper relating to that region.* But these 
fragments have not found a suitable place of record in other 
papers recently published, and they are therefore gathered to- 
gether and presented here. F'ollowing this article will be an- 
other in which the Nipissing beach will be traced in its south- 
ward extension, as far as now known, and the probable limits 
of the lake of that time will be defined. The accompanying 
map is made to cover the entire width of the ancient strait of 
Mackinac at the time of maximum submergence. It shows 
details which will be referred to in the next article as well as 
this, and shows also the principal shore lines described in the 
first paper on Mackinac. The large ancient island north of 
Little Traverse bay is here named Traverse island. 

The Munusconu Islands. 

From the lookout on the top of Mackinac island a long line 
of hills broken in two parts may be seen toward the north on 
the northern peninsula of Michigan. Without closer examin- 

*'Th<' Hijrhcst Old Slmn' Line on Mjickinac Island," Am. Jour. Sci.. 
III. vol. XLiii. March, 1HD2. 
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ition 1 had concluded provieionully that. Rince the siimniit of 
U&ckinac was an island in the expanded waters of ancient 
limee. the tops of those hills were ako probubly islands. On 
September 2, 1803, Dr. F. S. Pearce accompanied Die on a trip 
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to the hills menttonfd and we found that there had hcfu at 
least three islands and possibly more. Whilf these ancient 
ifiands were somewhat nearer to Mackiniic, they were, on the 
other hand, much smaller in area tliiin I hud supposed. We 
risited the middle or nearest ono uf the three. Its diBtunce 
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northward from Mackinac is about 14 miles. This island wi 
nearly three miles long, east and west, and perhaps half thf 
width at its widest. It is irregular in outline and has a blur 
spur projecting towards the north from its east end. Ii 
longer axis extends from the east a little to the north of wei 
and its highest point appeared to be at the west end. Anoth< 
much smaller island lies about a mile and a half to the nortl 
east and on its west and north sides has precipitous cliffs < 
limestone 75 to 100 feet in hight. The third island lies 1 
the west-northwest of the middle one and on the east side < 
Pine river. It appeared to rise to about the same hight, bi 
it is heavily wooded and was not visited. The middle an 
eastern islands form the water-shed between the nearer she: 
of lake Huron and the sources of the Munuscong river, whi< 
flows northeast to Mud lake, an expanded portion of the low< 
St. Mary's river. The high western end of the middle islar 
is divided between the properties of Mr. Webb on the soul 
and Mr. Brown on the north, and both slopes are cleared, a 
though the summit is still in timber. Both sides are of 8te< 
drift, that on the north being most gradual, but reaching to 
lower level. The view from the top is well worth the tri 
Toward the northeast are the picturesque cliffs of the easte] 
ancient island: and beyond in the distance, a bit of the S 
Mary's river, and above that the high crest of St. Josep 
island. Toward the north, stretching away from the foot < 
the hill is the wid^, flat valley of the Munuscong and theplai 
of the northern peninsula. Seen from this hight, the entir 
sweep of low ground has the appearance of a recently deserte 
lake bottom. The day was clear and we could see quit 
plainly the bights north of Sault Ste. Marie, upwards of 8 
miles to the north. St. Ignace was seen from the south blufl 
and Mackinac island and the open water of lake Huron wei 
screened only by the forest. 

At the foot of the hill on the south the highest beach : 
strongly developed. It is the upper edge of a sandy plai 
sloping gradually away to the southwest. The ridges at th 
point are not very distinct, but there are a few low ones nei 
Webb's house and better ones at the Italian settlement aboi 
three-fourths of a mile south. Measured by aneroid fro 
lake Huron at Hessel, about seven miles distant, the altitui 
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of the highest beach is about 280 feet above lake level, and 
the top of the hill nearly 400 feet. 

At the time of our visit, Mr. Webb had just dug a new well. 
The earth thrown out was composed of sand, gravel and peb- 
bles, with a few small boulders, all very clean and nearly all 
well rounded. The well was sunk into the sandy plain to a 
depth of 32 feet, and tough stony clay was penetrated two 
feet at the bottom. The depth of this characteristic beach 
deposit is rather surprising in such a situation. It must have 
been entirely the work of waves that sorted the sediments out 
of the glacial drift and deposited them there. For when the 
water stood at that level there was no stream which could 
have been a contributor of sediments. The hill above the 
beach is of stony drift with a large portion of tough yellow 
«lay. Apparently the whole mass of the beach has been gath- 
ered from drift cut out of the hill. This necessarily implies 
*long period of wave action. The highest beach was crossed 
Again as we returned at the base of the hill about a mile and 
a quarter east of the Italian settlement. After passing nearly 
two miles over the top of the ancient island, first east and 
then south, the road descends and once more crosses the highest 
beach in an open wood. There are several low sandy ridges 
at that place, faint and broken, but lying in parallel lines on 
abroad gentle slope toward the south. This is the first point 
reached on the ancient island on going from Hessel and is a 
little less than four miles from that place. The road extend- 
ing farther north crosses the island at a place where it was 
comparatively low. 

Between Hessel and the middle Munuscong the marks of 
■8ubmei:gence are very plain. There are three broad terraces, 
two with high bluffs comparatively fresh and abrupt and each 
facing over a swamp on the back part of the terrace next 
below. 

Going north from Hessel there is first a moderate rise from 
the shore to about 20 feet within a hundred yards. The sur- 
face is very stony and soon becomes swampy, with many fair 
sized boulders, apparently all glacial erratics. The ground 
continues with this character for nearly two miles to the foot 
of the first bluff, rising gradually to its base, where the hight 
is about 100 feet above the lake. The swamp is broken iu 
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Bcveral places by fllightlj hijj^her patches of ground, and near 
llessel it is bounded by low, broken, stony ridges which have 
more of the appearance of glacial than littoral forms. The 
first bluff rises about 40 feet at its edge and 20 feet more a 
hundred yards back. It is composed of sandy day with many 
pebbles and small boulders, except at the top, where the clay 
is replaced by sand. 

From this the second terrace rises gradually for about a 
mile to the foot of another steep bluff, where its altitude is 
about 200 feet above the lake. It is swampy, like the ba<'kof 
the first terrace. The second bluff is slightl}'- higher than the 
first one, and shows two feet or less of rounded gravel and 
small boulders overlying sandy clay with subangular stones. 
Back of the edge above there are signs of wave action in half 
formed gravelly ridges and small, low terraces. From this 
place the surface rises gradually northward, with some un- 
even features, to the last mentioned locality of the highest 
beach. 

At another time we visited the Cheneaux islands, which lie 
along the shore to the east of Hessel. None of them rise 
higher than 50 to 60 feet above the lake. Their surfaces are 
generally stony. In some places erratic boulders are very 
abundant. Many such may be seen along the path east of 
the Klliott House. 

It may therefore be regarded as a fixed fact that at the 
maximum of submergence the stretch of water between Mack- 
inac and the Canadian highlands back of Sault Ste. Marie 
was broken only by the Munuscong islands. The importance 
of the presence of ancient islands in the area of submergence 
can hardly be overestimated, especially if they are situated 
well out from the mainland. Each one furnishes a new point 
of support for the restoration of the former water plane, and 
must prove valuable in the ultimate study of the earth's his- 
tory as disclosed in the deformation of former water leveles. 
There are many mr)re of these ancient islands still unexplored 
within the basins of the upper lakes. 

(ikos Cap. 

Two day« befon* the Munuscong excursion, we made a visit 
to the high (Iros Cap region which lies west of St.Ignace and 
borders the shore of lake Michigan. It is a flat topped, ele- 
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vated mass of Silurian limestone, in many respects like Mack- 
inac, only it is not so high and is not now an island. On the 
hill back of St. Ignace near the public school building we 
found a large bed of beach gravel at an altitude of about 75 
feet above the lake. About a mile out of town there is a great 
curved beach ridge which extends around the edge of a flat 
tract forming a parapet in the shape of a horseshoe. The 
apex of the curve points toward the north over low ground 
and the road crosses the ridge twice and also the enclosed 
hollow only a little back of the point. One can seldom find 
as perfect a beach ridge as this, showing so clearly by its 
Bhape and place the nature of its origin. The southward ex- 
tension of the ridge on the two sides could not be seen beyond 
30 or 40 rods on account of the timber. The west ridge ap- 
peared to extend south-southeast in a straight line. The al- 
titude of this beach above the lake is about 115 feet. Its 
formation undoubtedly took place substantially in the follow- 
ing way. In the rising stage of the water the flat-topped 
area was covered by the waves with gravel derived from ad- 
jacent limestone clitfs which rise to a higher level. Then the 
whole was submerged and remained for a time as a gravelly 
shoal. Finally as the water fell away again the waves re- 
newed their action, and when they began t'O break along the 
outer edge they heaped up the shifting gravel into a ridge at 
that place. 

After crossing a swampy tract the road comes out upon the 
shore of lake Michigan and continues to the northwest close 
to the lake. P^or about six miles it follows a great bank of 
beach gravel and pebbles which lies against the base of a 
high limestone cliff. At several places this clitl* is vertical 
for 50 to 80 feet and there are several picturesque oQtlying 
remnants like the "Sugar loaf on Mackinac island. The up- 
per limit of the littoral bank where best developed is about 
-15 feet above the lake, but the talus of the cliff rests upon it 
and obscures it in many places. Its composition, like the 
other beaches of this vicinity, is almost entirely of rounded 
pebbles of the local limestone. The quantity of beach mate- 
rial here is very great. The width of the bank varies from 
about 300 to 600 or 800 feet. The surface generally shows a 
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Till J i^ "^pt'^MMliy r|i«» ^'jijjp ^^•|l^•rf^ 'lie hjiiik iH iiiirrow. 

'!'!»•* hiirh trftft nf Orrm < ';ir) i** ilividt*^ in i\v/» jmrrs by .in 
f.riut.\vccr vMlU»y. ;in(< rht» -^horr* !n»nr T h«* hike lalU .iwny rf» :i 
low. -n Tilly ilHt .iloTiir jr?. ironr. r(»\VMrft.s the north the iiii^h 
jj^r^'ninH *'nt<* ijenr Obeshjiw'- forner. and the '•oust iK»v(»iitl is 
Inw^'T aTnl <»rnly. A rosiri aoros>» ;he iiill i-iiHnvard from tlie 
enriier atfripfU a -^hnpr i-iu li:u'k 'o St. Ifrna<-^*- li"t :i mile or 
mope i\i ilanrrf-roiifl .'opduroy .»ver a -\vnTii|) ro the i*asr lum the 
»'treer of if^nsftheninc;' rather than -horteninaf rhe •listanoe. 
The ^wiimp \vn« wwX. orf from rhe -uke hy littoral drift near St. 
I*jnaf»e. Tlie rop cd" rhe hiejh ;^round i* ^uhstantiallr tlat and 
it« altitude is'ahoiit UM) iWt. On the west i-di^e rhero is ji 
beaeh rid(^<' iniieh like that ;it lir> feet near St, Ii^naee, but 
nrd '^o wi*ll formed where we -aw it. Miieh -d" rhe top is ?*tiJl 
in timber. Hut *<o far aia we ••on Id see 'ir learn by inquiry no 
part of it riwfl higher rlian rhat which we «*aw. Toivanl» the 
soiitlieaflt. <iros Tap is ^nbstantiailr rontinuous: with rhe hijrh 
irvecjidar :»ronnd •^onth of St. Ii^naee. On the northeast it is* 
•ippft rated from hi(»h ;^ronn<l by a low trough one t<i two miles 
wide and -ieenpii»r| by swamps and ponds. The iBJand of St. 
Helene. whieh lieP about lihree mile* iilf thii* -^iiore in lake 
Miehittan. i" -^nid to lie a series of 'vuiirenrrie j^ravei ridixifs. It 
fM low, howevi*r. and probably d<»eti not attain a Iiiixht tif more 
thMU :<0 feet. There are many evidenees id" submer;x»^nee aloa^; 
I he !'me of rhe railroad northward from St. Ij^naee ro and be- 
y">nt< Tront lake. But none of them appear ro n-eonl die up- 
per limit. The hi;^he**t ptunts obsen*ed were not over if>*> 
fei»t above hike Hnpt^i. 

r;roM ( ap and rhe orher hij:h parta near St. Ii^naee appear 
ro hnvl» n ndn rjfone the -Jiinii? ^ev^^re wavi* aerion us itaekinac. 
Tiw'V are :\\\ •••inipoifd of a frial>le limestone whieh was an 
•*a''y i>r"y tn t-iv* w;iv-^. <>n Mairkinatf rhe weakness of the 
r.v'k jj 'yr*-:iriy j rvrea-^ed bv softer lavt.T** whieh weather into 
a Hue lif- '^lav. :*-* Hi ay he sr»-n in the elid' south of Arch r»>ok. 
W:w«n :Ki- iak-e jrii'id :\i -x hi:.^n«-r lrv«:^l, this «.• Lay «•«>! lee ted in the 
T'ff-V .■■.-.^-ii'i^j ■.;* rh,. norri-ni aion:zthe sh'»re and appears there 
ri\.\\\' \^ A f'.JL(!-.. y^wXTf-xy d^p'"'sit. [.•erft.-L'rly sm«.>«»th in the 
iiv^.-*- i:.''! .virii r-.v., i-'-l.-.-r-. r--'! and irrrenish ijrav. The 



formation of the elitfs in this region hm« been larcrejy influ- 
enced in some places by these weaker layers. 

Recent excursions to the low gri»und of the n<-«nh t-nd<«f the 
inland have revealed the existence f*i a strong sh'-re lint- th*-rt- 
oorrespondlng to that in the village at the ><«uih ^nd. Its 
upper limit in the village is rather irregular, but th«- bight ''f 
thecontinu«>us beach is not far from 45 feet al:»<iv.- iht- lake. 
The altitudes of the cut terrace and beach ridir*- at th» n«»rth 
end of the island were not measured bv bar'»mi-ter. )*'i\ bv an »-ve 
estimate only. In the w^nkIs n^ar British ]?«ijdin£r. n»-ar tht- 
north end of the island, the road cr-^^ses §^*m*r riarr«iw li^-ai-h 
ridges at nearly the same level. The rf*ad t-** S*-fitt'* rave 
bnmches off to the right JB«it below this p.»int and pa**^« 
ihence about a mile on the wide flat of the terrace ju«t m*-n- 
tioned. At its back the flat end* against the f'»-»t of a steeji 
bluff, which, for much of the distance, i* a r^^^-k cliif :V» u* 4«» 
feet in hight. Its strength and altitude prove it to \p^ the 
same shore line as that in the village. The Jitt^ra] orijriTi of 
this terrace and cliff is fully proven by P'jijijt r'--k. whi«'h 
stands on the terrare a few r«Kis out fr^»m the f^^'t of th'-'-liff. 
It is a tall and very slender f»utlier of frafrile lim'-*t«»ne whi'.-h 
happened to be left standing when the waves finajly with- 
drew. • Its feeble structure, on the one hand. * isr;re*t* an \j]ti- 
mate limit to the time since it was left ••tandirjg. and its di-- 
tanee from the cliff, on the other hand, s^jggest'* the relatively 
long duration at one plane of the wave action whiz-h ::iade the 
«?liff and a large part of the terrace. The mar-hy i it tie vuliey 
back of British landing was probably sh^it in by a '•pit rsadtr 
at the same time, and with material derived Hiairiiv fpi^j the 
Scott's cave cliffs. M<^>dem wave action ha* r^-soved *i'.: that 
may have existed of this shore line aloag the '-a-it ar-A w»-it 
sides of the island. 

This strong shore line on the north ar*d •' .'h 'T-d- -.f 
Mackinac island, at St. Ignace. and Gr»>i T a p. app-^-ar- iisrain 
'at McGalpin's point acr<:»ss the straits. A siniilar t'^^i-h at 
half its hight appears als*'i on thrr sh»-»r<rs **i Lit:!-.- Truvers- 
bav. The character and p'>s:tioa *jf thi- •h^r^r lir.- agroe ::. 
■H respects with the Ni pissing beach as ider.:irl«ed at [■■:.'■.:- 
farther north, and it has been ^'» named or. the r.*ap. T.r.e 



f*faturt< shown on the shores south of the straits were most of 
them des<.Tibed in the earlier paper on Mackinat.* referred to 
ab«>ve, and thos^' at Wellsbiiry^ and Sault Ste. Marie were also 
desirribed in a previous paper.* At tlie maximum of submer- 
jience tht- anrient -itruit was 75 to SO miles wide between the 
bea«*h at Root river in Canada and the mainland on the S4>uth. 

SinL'e the publiration of the tirst paper on Mackinac new 
measurements of the hiijht of its upper beaches had led me to 
suspect that L had made them a little too high. But I have 
learned that recent instrumental leveling by the military au- 
th4>rities makes the beach back of the parade ground 175 feet 
above the isike. This is live feet higher tiian I had made it. 
and substantially confirms mv tir<t measurement. The same 
authorities make the top of the big gravel ridge behind the 
village IM> feet above the lake. This is about lo feet higher 
than the Ni pissing beach near the T^rand Hotel and the Mii«- 
sion H<»use. and can hardly be considered as a part of it. 

The northward rise of the highest beach from Mackinac to 
the middle Munuscong island is at the nite of a little more 
than live feet per mile, while the rise from the latter place to 
the Ro«)t river beach north of Sault Ste. Marie is a little more 
than four feet per mile. This is a good illustration of the 
value of ancient islands in disi'losing terrestrial deformations 
which could not be detecteil otherwise. 

A wilier experience in the >tudy of deltas has led me t»» 
suspect that my early estimate of the altitiHie of the highest 
beach at Traverse <.'ity was pr«»bably placed a little too high. 
The estimate of SO feet was !>as4«d on the hight of the old 
delta of Boartlman river. I have not had an opportunity, 
however, to fH-i/xaniine it. 

< 'oMi' vKisoN «»K Sh»»ke Links. 

The following is a tabular statement of the hight.s in feet 
oL' the i)rincipal -^hore liiie^i within the area of the map: 

ill(illK>T ItKAIII. 

Above ;«ea level. 

IltK#i n\rf. ii»-;ir Siiult Sti'. Marii- I L;i\vs4iu) 1.014 • 

\V.-i!:>i)nrir J)HH-? 

Mii|«il»' MuMMM.'«>ii:: ishiiul S*iO 

MarKin.'iL' !>IuimI T?S5 

^••A Il«-i'iiriiiiii'»>iiiir»* "f 'li«- Aii«iiii«»iii?il Slu»iv [.itiesot' the S)uth <.'<msi 
tl l^;iK«' Siii>.ntir.' Amkkha.n ■ iKoi.<M;iM'. vol. xiii. June. ItftM. 
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Wf'^jiit^ionsiusr an J P»-Uisk»-y 'Wi 

Travers»* Cilv i»ntbahiv r\ '.iu'.- .-^-^ tiiau *'**'* 

• mm 

SAult Sir*. Mnrir T" 

MMCkinac. St. Ifnacn. tinK r^i*. a!nl Mc«iuLj»iij'> i-.'.:i;.. r» 
\V»^lut-u»nsiii;r ami P'-tniskt-} 2."* 

Besides these, there are isolated ridsres and terraces at in- 
termediate levels, but as yet nn certain correlation «»f tht:«e at 
ditferent places has been made out. 

These notes make the record of observations -ii* far made bv 
me in the basin of the upper Great lakes substantially com- 
plete; and this is the sixth of a series of papers in which they 
have been published. On each of the principal excursions 
from twenty to sixty photographs were taken of the features 
observed. The plates used were 6\ by ^.V inches. Many of 
the pictures are good, although few view< of the best sort 
could be obtained on account of the rough and uncultivated 
condition of the country. 



THE AGE OF THE GALENA LIMESTONE. 

By N. H. WixcHELL. Minneapolis. Minn. 

[Rtid at the Brooklyn meeting of the .Vraehcan .Xssociation for the .\dvancenient of 
Science. .\aga«t. 1894.] 

From the time of Schoolcraft, who, in 1S20. assigned the 
lead-bearing beds of the upper Mississippi to the Subcarbon- 
iferous, until now, the Galena formation has been a subject of 
much dilference of opinion. W. H. Keating thought all the 
magnesian limestones of the upper Mississippi valley belonged 
above the Coal Measures, and made them the parallel of the 
Lias of Europe. Owen showed that they pass below the Coal 
Measures, and at first (1839) classified the lead-bearing beds 
with the Clifl" limestone of Ohio, which was admitted to be of 
the same age as rocks which in New York state were of the 
Upper Silurian. Locke went further, and made out a fair 
case by placing the underlying beds, which now are generally 
admitted to be of Trenton age, as the equivalent of the Blue 
limestone of Ohio, which was then also supposed to be of the 

*Add581 feet, the mean hight of lak»; Himm. for bights above thi* 
tea. 
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age of the Trenton. The intervening strata as known to exist 
in New York, i. e., the shales and limestones of Pulaski and 
Lorraine, etc., were not found. James Hall at first accepted 
the opinion that the Galena should be put in the Upper Silu- 
rian, as an equivalent, or a part of, the Niagara limestone. In 
1843 T. A. Conrad stated, on the evidence of fossils furnished 
him by Mr. J. N. Nicollet, that the Galena belonged in the 
upper part of the Trenton. In 1852, however. Dr. D. D. Owen^ 
in his final tabulation of his results of the survey of the region^ 
came to the conclusion that the Galena limestone is the west- 
ern representative of the Utica slate and the Hudson River for- 
mations of New York, the strata immediately underlying 
being named -'St. Peter shell limestone," or Formation No. 3, 
and supposed to represent the Trenton. This was nearly in 
accord with Prof. Hall's later view that the underlying strata,, 
with greater or less distinctness, represent, largely by paleon- 
tological resemblance, the Birdseye and Black River limestones. 
While the terms Blue and Buff, which have had varying for- 
tunes, and questionable value, have remained, in one form or 
another, as designations for the underlying limestones, there 
has been no disturbance of Mr. Conrad's general conclusion 
that the Galena is of the age of the Trenton, indorsed as it 
was by Hall and Whitney in 1870, until 1879, when C. D. 
Walcott revived the idea of its representing the Utica slate,* 
and fortified it with evidence drawn from a comparison of the 
fauna of the Utica slate with that of the Galena. He al.<o 
shows the extension of the fossils of the Utica into the Hud- 
son River above and the Trenton below. 

Until now there has been no published investigation into 
the paleontology of the Galena since that of Mr. Walcott. It 
is the purpose of this paper to show that Mr. Walcott's con- 
clusion can hardly be accepted. 

Mr. Walcott surveys the question both stratigraphies lly 

and paleontologically. In the former survey he reaches the 

result that a general, widespread change in the nature of the 

sediments took place at the close of the Trenton, extending 

from New York to Tennessee and further southward. In lUi- 

*Th(; Vtira Mlntv and related for matiofnt. FotudU of the Utica slate, and 
uirJainorp/ioMfff of TriitrthuH berki. C. D. Walcott. 1871), Albany. Printed 
in advaiicf of vol. x, of the Transactions of the Albany Institute. June» 
1 STO. 
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nois this change is shown by the sudden transition from the 
Trenton limestone to the Thebes sandstone. There might be 
added to this general truth a further general law which per- 
tains to the Lower Silurian in North America, viz., that the 
Utica slate is followed by the Hudson River by a very gentle 
change, or is merged into the Hudson River so closely that 
the two formations cannot be separately identified in numer- 
ous places. Thus, Sati'ord shows that in Tennessee the Nash- 
ville (Hudson River) involves the Utica slate. Although the 
slate is lithologically a dark shale, 100-150 feet thick, the 
characteristic graptolites are not confined to this stratum, 
but run up into the main body of the shale, and are found at 
numerous localities. Lithologically the Utica slate and the 
Hudson River formations usually are lost in each other, being 
linked together in all descriptions, their fossils even being put 
into the same chapter by James Hall in 1847. There is hardl}" 
an exception to this close union of the Utica slate with the 
Hudson River; indeed, as Mr. Walcott trul}' reninrks, at the 
opening of his paper, the term Hudson River, with the Utica 
slate as a subdivision, has been generally received into geo- 
logical literature. 

In summarizing the paleontological data the following table 
is given by Mr. Walcott : 

I'tira Galt'ua. 

Total numbrr of siK-cit'S KM) 7S 

Siw'cios limitod to the formation W 11> 

Spt*ci«*s Iimit<'d t^) tlu* formation and ihi' Tn-nton 

jLrroup 11 '^5) 

S|R»cies limited to tht* formations and the Hudson 

Kivor format ion 11 W 

SfM^cies common to the Trenton, Hudson Uiv«'r, 

and Utica and Galena formations 21 'iT 

S|.)ecies passing from the Trenton to the I'tiea and 

(Jalena :r> ncj 

SiH*cies passing: from the Utica or (Jalena to the 

Hudson River *>") )M) 

Of the 35 species, however, which pass from the Trenton to 
the Utica 10 are hardy species, ranging from the ('hazy and 
Black River to the Utica. There is no way of telling, from 
Mr. Walcott's table of the fossils of the Utica slate (])p. :U-:^H), 
what part of the 56 species j)assing from the Trenton to the 
Galena had their commencement below the Trenton limestone. 
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Ir THMV !■•• ■i«»«-i!?ii*-rl rin-n-fnn' Hint i.f rfiP Ion ^ne<'ip!3 known in 
tIi»' f'MfJi *J.' ••ri'jinHti'cl !'• Mn" rn'nr<»n. aiiH mI" rhe 7s "Speoii'S 
lvpn\v»i '}} Mw » ;M!i'nr» .'.« •I'lLriiiMrcH in rin* TrmTon "»r in .i 
.«»\rfv iiiii'i/f'Ti. A «•'•«■ '"tlinLT ■'» ^fuiT rhi' rnrjifii fif :illian('(^ mav 

lf;itin -.*' T'-i-Tif'-n ^p«'<*ic< !"iuuMi :n riie ("tic:i. .n aii parrs '»!' 

l*jiTin .ij" Tn'rifi'Ti -n«'<*ii--5 nhi?i«| in rlir KiiU-na. :ii iho upper 
\|i<*:i«*«:ipiu ' mIIi'V ;iijt]ii-. 7<»-* !n*r <'i'nt. 

\rifh r lu- T'VTUf'n 'h.'in .»t" \h*- l'ti»-n '.virli 'ii*' Tn^nton. Mr. 

\\':i \f'ittr !-frtifirl<c • 

'I'- I- •;! hl<- »i'i.\v>* 1 ..-rfit iit iii.'f '■ Hii< i.i;ii-i' ■ ■. 'Ml' : :» iHia I I T h»' ' ■ lc';i 

- = 'iii' ■ i ■■ ti ■ !i ■ M|f ' I ■ li»- < i:iii-ii;i :rni-««i'iri»' " i.»- i-'Vnii'r '.,i\ ;iii: ■fM -'I'lir 
,?.i-i-.i., ! Tj-.iT.-r! '.I :>. ■i.iMiuinpii'N. ,inii :fii:t^-«-r\ •(•■••"••■H li-nril ^ii'- Fri*!!- 
ii.i. si III- ■ !■•• ' .lli'V ■|;|». 'lliiMf*"! ^|n»fi<. ■ Ii;i;ir '" '■ ', . ilMl "•fl''-->lX 

■:i^».'M-_' 'i'l '!"''»n 'I."" Tri'iinn !i •rm.'ii ti«n ■••itt-Miii. 
Mr. Wii'Mttt"* ilarji t lu'r>*r»»rc. in this ••(•<im-«t. iU» not -^rronixiv 

■^'ippoT't !ii»^ 'i\vn iTmclnsiiin ;is ut th, fMirn'nn' ''l .i invak :it 

\\^t> tup -if :liH T'T'Titoii. *»*f»ar;itinir :r :i""m rlu' Wainia. t>n rhe 
(•i»»ir»virv -li^i *\utn wiitilil ^ft'Tw to nuiii'air :i -trdiiir '•onnfrtiun. 
ln'twiM'71 :!ii' I'r.'iirnn .•,n<l itainia. NV|u*n it l)«» fMnsi(k-n*il t'-ir- 
;iuv • liMt Ih* ii|iiMf»-i :»!• -vitliMifr '.vliati*v«r M" i iilioiotjicul 
clijfii'j'i' It thriT 'iiiri/on. -n 'An- ■■I'lrinii tii' ttic CppiiT .Mit-tiii^i^ippi. 
imt *li-if :JI lii< •HiiitMT InM-^ 'WTiriii^ 'Mi :lu* 'np ni : tn« Tn^ntun 

:t»*" lii-wiMMpJ jv,. ..t" "III. >);i».:<}i!IC- 'i* '111* Ttii'a -illtr A\ ■•tlll*r pi^T- 

:;..»•--■ -ii" ! ill- '•-.luitrv. .ir. win-n 'lu'v -inpiv :*• Mu' r'"«»nron •>£ 

■ 1 I . 

I . . t, 

.•'.lii^iri- :""..'ii I !n- 'I'-cnfiiii -M -ill- <i;ii«*n;i. r ippears rliar rlie 
... .n,.! .J*:, ,ii I M -itii! n<'i-(| < .i;n"(i;v "^iippurtfMt '»v "111* ••vi«lt-P.i.'i» 

I,'.....'i' r-."!, ..M ■\\t' .-iii'U- ii" :lif I.ii\v«'i- ^i:!ir:;iii !>v the 

\f i ■ 1...-:. -T , / ,,• t_fi.'M ■ "^i; I' »•'.• !;i> ' •!•«•>] Li!H t" iijiii nil 111*- r«' US 

m:- ■■-. ■ i.-t- -nMr^^j ■!■. "Ii;- ■lUf-n-'ii. ■.viiii'ii. i)iiT :i:r-tiii'it the 

-.■r-" ■ ■■ 1 ;Ii-'M:ii i \ I. .-'.!, i,.M«M' .Mlil'jri'U '>y Mr. W ;i !«.•»» t C. hlV 

■' ■ -■ ■■•■•». '• fi I'ifiM-- :»■■ !ii V i! "iw- iix'- 't 'IK' *i;iit'!ia iiuie- 
-■ '■ .M- --'•-. ;•! '• : !""«*M iiul < !i:ir'«.-^ **r!iin'i)frr liavo co- 

■ *.'■''■■; • *i ■ ■ •■ \-- t,.;- . M -• : -M v: :i:_^ • !!»■ n.-nMiiirmM^v >•{ the 
i • ■' "^ ■ '"'i- "'t- f 1.JM-" .M S^!*-";^.! ■^■■i.ii-v. riii^ iufor- 

' ' ' ' ! ".-i' A ;.. ipri'Tii- .:i vi. . ..;■ r -i.- 'i'lal r»-p<'rt of 
■' - ■•' 'v. ■'■■'^ i!' i)?'"---. I: :«» -5irti''ii"ir :i ♦-?■•• ••• '^ivn a part 
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«>f the *iiimniarizecl facte, so far a^ they bear on the agt» of the 
Gjilt-na limestone. 

It was found that the Galena limestone ehangee graduail}' 
t«»wjird the north, bv acquiring shale. While this seemed to 
jHTvade the entire limestone mass by the interbedding of 
scattered thin layers of shale at irregular intervals, yet it is 
m«i«l apparent, perhaps, near the bottom, where shaly charac- 
ters take the place of calcareous ones, on the same horizontal 
plane. Therefore as a lithological horizon there was no de- 
pendence to be placed upon it. It was found, also, that the 
fossils which had been said to be characteristic of the Galena 
limestone in Iowa, occurred in some shales underlying the 
limestone. Paleontologically, therefore, theCvalena limestone 
had not definite downward limitation. In this absence of pos- 
itive stratigraphic chara<*ters, it became necessary, if the 
term be worthy of preservation, to assume a horizon in the 
midst of the shales, below which the term Galena might not 
extend. This lower limit was chosen at the lowest position 
at which the characteristic fossils, named bv the authors of 
the term, were known t<> occur. Such Fossils as Isvhaih'tvs 
'OfrcMjJM, the sunflower coral of the lead region, and ('lifam- 
ftoiiitcit (h'rcrsa have here their first aj)pearance. They are 
aseociuted with an increased abundance of Xinjospira rrrtfrri. 
/•'**//•r^ and with several species of Xcntahtporti and Arfhitele- 
'wff. At this horizon also occur lihifurhotnma iint/infrrtln's^ 
Orthis pectineHa (var. sirv.v.iniii) and J^hofiffo/ts frtafofK'H.sis 
(var. minor). Here also are found sev<'ral spec'ies of Sfrttpho- 
mena^ viz, hifh'nf/st\ srho^fiehh' and ctntfrcrftftr. Here was found 
a newspecies, Orthis mevtist. Several others which are found 
first at lower horizons, occur h<»re, apparently, in incn-asi-d 
numbers, viz., Raitp't'lln ^fifnsa^ < 't/fiudrorn'titt lui/mrsufittsis^ 
I^inxfoporittft /fnhcfffifttw, and M ittn'lvina niinntiihi m . 

Owing to the progressive change, b<»th vertically and hori- 
zontally, from limestone to shales, in passing northward from 
the typical region of the (iaiena limestone, it c'annot be said 
that the foregoing paleontologi<' ehara<Mers will everywhere 
*^f»>und at any set lithol(>gi(r horizon. \\\\X as an average, for 
the southeastern part of Minnesota, it is ])robably true to say 
^hatthe base of the Galena formation is found to occur about 
30 feet below the lowest distinetivelv dolomitic beds. Toward 
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the north thia interval of 30 feetniight become 60 feet, or the 
overlying limestiine might entirely disappear, while toward the 
south it dwindles and dieappears, allowing the base of the Ga- 
lena limestone proper to approximate the lowest limit of the 
characteristic fauna. 

While the foregoing indicates an intimate connection be- 
tween the Trenton and the Galena, a closer examination of the 
faunas which are found atmvc and below this arbitrary line, 
throws still moro evidence on their alliance. A preliminary 
partial tabulation of the results of our study appears below. 
HruitoK River, Gai.rna axd Tuknton faukax. 





i! 


i 

2* 


7sii\;;.;. 


cs.) 


Smj: 


^O^TEt 


s:' 


Classes, 


Hud- 


Galena 


Treo. 


nud- 


Cialrna 
and 
Treu- 


Hud- 

and 
Tren- 




*) 


Mi 

"bi 


:i 


i 

=1 


5 












"i 

ft 

15 








........ 




?SSS.:.::- 


1 ■■■■; 




\ '" 


A4b 


6S 


■«; 


^> 


" 











It appears therefore that forty.three species are known to 
be common to the Trenton and the Galena, in Minnesota, 
and but nine common to the Galena and the Hudson River, 
four of those nine being such hardy species as to survive 
from the Trenton to the Hudson river. This indicates that if 
the break which has been found by Mr. Walcott to prevail 
so widely over the couutry, separating the Trenton from the 
Utica slate, be sought for in the northwest, it cannot exist be- 
tween the Trenton und the Galena, but must be looked for nt a 
higher horizon. 

Prior to Mr. Waleott's generalization it liad been customary 
to place tlic posxible I'ticti liorizon with the shale overlying 
the Galena, i. e., in the Sluquoketa. I'rof. Jnmes Hnll called^ 
attention to u certain black shale at the base of the Maquo- 
keta, in Iowa, in 185S, as the probable western representative 
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of the Utiea slate,* remarking that the presence of Lihgula» 
of a large and a small species, enhances the resemblance. 
Prof. J. D. Whitney, in reporting on the lead mines of Wis- 
consinf in 1862, dwells at length on the carbonaceous charac- 
ter of the Hudson River shales, which are said to show some- 
times ^*faint graptolitic markings/' 

"The i)ivs**nc«M»f carbon in the shales of the Hudson River group 
ovfT s«i extensive an area, and in such lar>re quantity, is a matter of 
cunsidiTable interest, both practically and scientifically: it seems 
hardly [Missible that a material existing in such abundance and con- 
tnininff from «)ne-tenth to one-fifth its weijrhl of bituminous and carlxm- 
acrous sulJsiances. should nt»t at some future lime l>e utilized for light- 
in? or healing puri.K>ses. in a n*^ion where coal does not occur/* p. 184. 
The suggestion that the Uticu slate horizon is to be sought 
for in the beds overlying the Galena is confirmed by later de- 
velopments in the oil regions of Indiana and Ohio where the 
Utiea slate is recognized at the bottom of the Hudson River 
formation, and yet where the underl3'ing **Trenton" is a po- 
rous dolomite, not unlike the Galena limestone. In fact it 
has been found that in many cases the fossils which in the 
upper Mississippi valley are found in the Galena, in Kentucky 
and Tennessee are said to come from the Trenton limestone. 
It may therefore be considered that the (^alena limestone is 
only a phase of the Trenton, intensified in the typical region, 
and fading out in all directions. It is a convenient designa- 
tion in Iowa and some parts of Wisconsin and Illinois, but in 
Minnesota its convenience hardl3' warrants its continued use. 
The physical break and the faunal change which follow it, in 
the Northwest, are the probable parallels of those which mark 
the transition from the Trenton to the Hudson River (Utiea 
slate) horizon to which Mr. Walcott has called attention. 
3fay J, JSfif,, 



ACIDIC ERUPTIVES OF NORTHEASTERN 

MARYLAND. 

By Charles Rollin Kkvks, Jettcrson City, Mo. 

For several years prior to his peculiarly sad and untimely 
death, a few months ago, the late professor (ieorge II. WiU 

♦CJeoIogy of Iowa, vol. i, ])rtr-t I. j). 07, 1S.1S. 

f Rofwjrt on the G«»ologicaI Siirvi'V (»r WiNCoiisiii. vol. r, .lamrs Hull 
an* 1 .1. I). Whitnev. 18(J2. 
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wide, deep frorp^e int^ the mawsive rrr*t4i]]ine* ««f iho n^ci^n, 
extending from berond the state N'undarv nesriv t*» the 
m4»uth of the stream. For the jrreater pnrt <^i tht- distance 
the river flows in a catiTon-like eoiirse fn»ni 2oO t** ^<^'^ feet 
below the general level of the Pi^niniont plain. T!:e hi|rh 
olitf* and salients of granite stand out pn^minrntly ••!! either 
side of the water course and form oonsp:eii«»us frjitnref of 
the picturesque valley. 

Under the microscope thin sect ions of the :rr«nit«- from 
Port Deposit show a more or less distinct pamll**! »r^an^^*- 
ment of the minerals. The quartz is hroken and |ffr«milat«Hi. 
the biotite is not so abundant as in som«- of tht- i^thir Marv- 
land gran iti*s: microcline is of iNimraon i»orurn*nc«- : «pidote 
and Muscovite are develo|ied in many piacfs from ihr fi'ld- 
spar: while small dark colored garnets are not of unfrequt'nt 
••rcurrence. 

The granite is cut thn»ugh in a numkier of p]ni>«'< by dioritle 
dikes which varv in width from a few inchfi t«> 4«hi or .lOii 
feet. </ontrary to what has been commonly supp«»*ie«l !•» be 
the case, the southern part «>f the area i** m«»r** jjn«'iswii» than 
the northern. Consi»quently the Port m*|>o-it r»M«k-. whi«*h 
may be properly regarded as gneiss, p.is< by gradiiiil tr!iii«»i- 
tions into the massive granite <»f Kowlandviilt*. whi<*h li«'« t«» 
I he north. Another feature which has 1m-hii ob«M'rv«'d i« that 
a« the gninite approaches the gahbn» i\wi\ th«*n' i** « greiuer 
and greater development of the ferrt»-iiiatrni*-iaii iiiiin-mU, 
until at the contact it often heeome> «*xeet-iliii«jly «linieult to 
determine whether the mck is really :i jxr:i!iit«* 'n* (i tr»hhro. 
Another notable characteristie rif the •jr.-mil** \< iIm' |»ri— jnce 
• if numerous basic secret ion<, whieli often hjivc tin- jip|niir- 
ance of rounded inchisions. 

Two types of granitic nK*ks havr iM-m nn-iitioiMM|. TIh- nm. 
is near Rowlnndville and ih*- oth«T in tin- fM-i^rhliMrliMin! nf 
P.trl Deposit, the latter being tht* iiiorr ^n»i'i'ii«*. In th»' f««r- 
n*-r the rcM-ks have been ni»t Mitticienlly -«|ii»'»'Z»'«l !<• •filirily 
obliterate the original chara«*ter*. Th«y il«i. h«'Wi v»r'. -Ih»\v 
ia a remarkable manner the etfeet*; <»f Mr«»^r»pli'H* f»r« — nn- 
which has changes] both the <*on«'litMriit- ami \\\*- -tr ih-t'it* - 
:n a very interesting way. <)n<'of tht- iiio-ii jirMinnMiit ju. ta- 
s/^-rphic changes in the ro<.-k. a^^ fully «'iiii»li»-i7**d \*\ l>r. 
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Grimsley, has been the extensive development of epidot'e. As 
stated by him, the physical conditions particularly have been 
exceptionally favorable to the formation of this mineral. It 
occurs everywhere in the Rowlandville area as a prominent 
metamorphic product, assuming variety of forms, sharply 
outlined crystals, rounded grains and hair-like needles, and 
developing in all of the original constituents alike. The pro- 
duction of epidote to such an unusual degree is manifestly 
one of the chief results of the metamorphic action, and hence 
the consideration of the mineral has been given in full detail. 
Now, the original Rowlandville rock was evidently a normal 
granitite or biotite granite having the common hypidiomor- 
phic structure and carrying unusually large proportions of 
plagiodase. In places it is thought that it may have also 
contained some original muscovite. As already stated, epi- 
dotization has been carried on on an extensive scale. It is 
most marked in the feldspars. In the perfectly fresh rocks, 
those which have sutf'ered no effects through meteoric changes, 
the formation of the mineral, it must be admitted, must cer- 
tainly be metamorphic rather than the result of weathering, 
as has been stated from time to time. All degrees of replace- 
ment of the feldspar by epidote occur, from crystals in which 
only an occasit>n«J grain of the latter mineral has originated 
to those in which almost complete pseudomorphism has taken 
place. Whenever there is a small amount of epidote, crystals 
of this mineral, with sharp outlines and of the usual mono- 
clinic habit, are of frequent occurrence: but as the amount 
increases the ditVerent crystals unite into larger masses with 
irregular boundaries. .Vnother interesting observation which 
was made concerning the Rowlandville granite was that the 
epiib>to had no special tendency to develop in or near cracks 
in the feldspars, but that whenever the latter crvstals showed 
pressure rflV-cts little or ni» epidote was formed. Another 
sugi:«*sti\e ob<frv:iiion is iliat the epidote frequently devel- 
oprd iu I'rriain .'ones in the frldspar crystals, in many cases 
botli \\w itueiior atul exirrior of ilu* feldspars remaining un- 
ch:ini:f«\l. ronvi^irrii^i; \\w wil". kui^wn fact of zonal variations 
\\\ \\\i' c\w\\\\\':\\ ro:ini.wiii.»!^. ,•!" !\ Id^par iTvstals which has so 
wi'.'i Iv . !'. wovrvtii iMM l»oi!*, 1»\ ll»»p:!^» r* ;nul by Becke,f who 

^N. ,: > 1.. '■.^... .'. y^ .. . M-.- .: P.. . >n:. •: Hafi, p. 182. 
♦ Tn.- . ;^^^i > N w. y .;:;.; -^ w-^ M. ::• . \:k. li;,:ii. p. 414. 181Ki. 
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have proved that zonal feldspars, as u rult, grow nj'»re basit* 
towards the center and that thert- i?? ?*«>nietime?? a r^<*urren<.'e 
.if a more hajsie zone within thi* nior*:' a*.Md iavers. and renieni- 
bering that the plagi'H'lase feld^^pars in th*- K*»wiiindvillf 
granite* are made up of different mixture^ of l\\* ull»it».- and 
annrthite moleeules!, the formation of tlit t-pidott- may h»- ui- 
tribuled to a particular rhemicai '•omp«>ritiori nf a portion «»f 
ihe feldspar which ha? heen hrouirht und»fr favMraM* ]»hy*siral 
conditions. It mav thus \w ronciiid«-ti that iind«T «M-rtaiii iMin- 
ditions and v.'ith certain cnmhination^ nl' th»- aU»ii»- and an- 
orihite molecules there wa* a »!|H'«*iai t»:*ud»-n'*v lowa^-d* ♦•pi- 
dotization. when the rock underwt-ni mt*lamori»fiii- «'hanire»« 
arising from ^reat pressure. 

It is an excellent illustration <»f on*- of tho^t- niivly halani'fd 
•>r delicately poised cases which are met with. Mi*fa«ionul}y in 
the petrographical study <»f n»ck*i wliirh have U-eii JntJiH'n«'«'d 
bv crustal movements, and of a chani:* wliiffi i- to *»♦ « x|K*«*t«'<l 
in a region which perhaps represents a jiart of th*- ii«*iiuded 
base of an old mountain range. Jt i»J \n\\ tli«- ♦•xpn'«*-:ion of 
the universal law that in «tony acgn-irat*'?* the whol«- niin^Tul- 
o^cal composition and structure are In-in^ nioditi«'il contin- 
ually; in some places slowly, and other«i nion- rajiidly a«*«*onl- 
ing to the attendant circumstance-. T\\*- ev#-r changing 
physical conditions invariably ^et uf» fiintinuou*^ nitili"Milar 
jihiftings in every rock, whatevt-r niny \h- it- nunpo^iltion nr 
its relations. Of recent vear- it ha« ronu* to b«- nion- nnd more 
clearly understocnl that the changes undtrgon^- by rork nui-M- 
have been occasioned bv the natural ten<l«-ncie*. of niinenii-i to 
assume combinations more stable from thoM- W*^^ »iijibli-. 
W'adsworth* in particular has emphasized thi- f»oiiit. Hut 
the statement has ni>t carried with th#*ni it- full imp<»rt an<l 
meaning. For, in any particular chm- while thrp- i- an at- 
tempt towards adjustment to ftutisfy a certain set of roiuii. 
tions, the conditions themselves continually cliantre. sometinirs 
in one direction, sometimes in another. In the ]»roduction of 
these alterations in rock-masses time doe*, not entfr necfssii- 
rily as a factor, although ordinarily the older a rork is ilir 
greater is the chance for disguising its j>riniitive i-haracter. 
Thus in attempting to determine the original comlition uniler 

•Xttinre, vol. xxxv, p. 417. ISST. 



44 The American Geologist. Jancuur. 1395 

which, for instance, an eruptive rock has solidified, the prob- 
lem becomes more and more dillieiilt in proportion to the 
amount of change, until finally a point is reache<l where it is 
absolutely impossible to say with certainty what the real na- 
ture of the ston}' mass was in the beginning. 

In the consideration of the wide-spread effects of regional 
metamorphism the agency of tangential pressure as the result 
of orographic movements is by no means the least important. 
Since the appearance of the classic work of Heimf the influ- 
ence exerted b3' this one factor has become more and more 
clearly understood, as may be inferred from the writings of 
Bonney,* Hatch, g Lehmann, || Reusch,*!" TOrnebohm,** 
Schmidt,f f Teall,*J Williamsgg and others. 

But to return to the epidote belts in the plagioclase crystals. 
Dr. Grimsley also remarks that the undoubted causal relation 
which exists between the zonal structure of the feldspars and 
their alteration whereby those zones richest in lime have been 
most completely changed to epidote, greatly favors the opin- 
ion advanced. This view also finds substantiation in other 
granitic areas and probably f urnisiies a key to the problem of 
why similar rocks through metamorphism and under appar- 
ently the same physical conditions change to very diiferent 
masses. It is probably a principle of very wide application 
and one which will doubtless furnish a clew to many ques- 
tions concerning metamorphism which have been long re 
garded enigmatical. 

With the Port Deposit rock, which, like the Rowlandville 
variety, is in all probability of the eruptive origin, there is a 
very distinct foliated structure that has been produced sec. 
ondarily through pressure. The result of more int<?nse d}'- 
namic action has been to crush the minerals, thus giving rise 
to cataclastic rather than mineralogical changes, as epidotiza- 

fUnU'rsuch. (Ibor dr'ii Mech. dcp (Jeb. ii. s. w.. Hand II, 1878. 

^Quar. .lour. GimjI. Sdc, Ijimdon. vol. xlu. 1880. 

^Tschormak's min. iiiiU iietro;^. Milth., Bd. VII, 1885. 

irndfrsuch. uber diu Ent. d<'r altkry. Schiofrrgi'.stoiiHs u. s. w. 18H4. 

r:Neii»'s Jahrbuch, HB. V, 188T. 

♦♦(Jrol. For. Stockholm liOrhandl., V, 188(>. 

tfNoiH'S Jahrbuch, BB. IV, 188«. 

^t^^ilo^ical MagaziiK*, Nov., 18H(5. 

^^U. S. Guol. Sur. Bui., No. 28, 1880; also ibid., No. 02, 1800.. 



Acif/ic Erufjtive8 of Xorthea:ttern Maryland. — Keifea. 45 

tioii. The feldspars of this rock are both alkaline and lime- 
soda varieties, with a marked development of potash feldspar 
in the form of mierocline. The feldspars show conspicuousl}'- 
the effects of great squeezing and crushing, which, combined 
with the same chemical alteration, have given rise to a con- 
siderable development of the albite mosaic. 

The Port Deposit granite-gneiss carries a ccmsiderable 
amount of allanite which is invariably mantled by epidote, 
the two forming isomorphous intergrowths. The epidote thus 
formed is regarded as original, as has been thought probable 
in the case of similar occurrences in the granites farther south 
in the vicinity of Baltimore. 

In regard to the staurolitic mica schist which forms a long 
narrow belt separating the Kowlandville and Port 'Deposit 
areas, Dr. Grimsley is inclined to the view that it was origi- 
nally a sedimenttiry deposit, more ancient than the granites 
and that it probably owes its highly crystalline character to 
contracting metamorphism produced by them at the same time 
of their eruption. 

Attention is called in the memoir to the economic value of 
the Port Deposit rocks, but more on this point might have 
been said. The quarries furnish about one-half of the entire 
amount of granite obtained in the state of Maryland. The 
stone has been taken out in commercial quantities for more 
than three-quarters of a century. The output of the Port De- 
posit quarries alone during 1892 was nearly eighty thousand 
tons, valued at almost half a million of dollars. As a building 
stone it is very durable, and according to the test made by the 
United States engineers it withstands a crushing strain of 
over eighteen thousand pounds per square inch. 

Among the structures built of this rock, as may be gleaned 
from the Maryland hand-book, may be mentioned fortress 
Monroe and the artificial island opposite it on which was erected 
fort Wood, forts Carrol and McHenry, near Baltimore ; fort 
Delaware, the sea-wall at St. Augustine, Florida ; the navy 
yard and dry dock at Portsmouth, Virginia ; the Naval Acad- 
emy at Annapolis, Maryland; the foundation of the Treasury 
building, the Philadelphia, Washington and Baltimore rail- 
road stations and Saint Dominick^s church at Washington; 
also the bridges over the Susquehanna at Havre de Grace 
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Maryland ; the Chestnut street, Girard avenue, Callowhill and 
South street bridges over the Sehuylkiirat Philadelphia; the 
principal bridges of Baltimore, and the new water works 
cxib at Chicago. It has also been used in construction of the 
entire plant of the Maryland Steel Company's works at Spar- 
row Point, Maryland, and of Harveford college; besides a 
large number of private dwellings and public buildings in 
Baltimore and Philadelphia. 



EDITORIAL COMMENT. 



State Academies of .Science. 

The fact that the general government lends substantial aid 
in furthering scientific research is very generally acknowl- 
edged to be simply a wise provision for promoting the general 
welfare and happiness of the entire people. From this point 
of view the maintenance of organizations for the investiga- 
tion of problems relating to astronomy-, geology, mineral re- 
sources, coast and geodetic surveys, irrigation of the great 
arid wastes, chemical and lithological phenomena relating to 
agriculture, sanitation and public health, and other matters 
that affect more or less the entire public, is recognized as 
nothing more than the discharge of an imperative duty. That 
the individual States also have duties in relation to similar 
problems has not been so generally recognized. Most of the 
States support universities where, in addition to the work of 
teaching, a greater or less amount of scientific work is done. 
Many have technical schools under one name or another, but 
these, like the universities, are founded not so much for re- 
search as for purposes of instruction. In a few states geologi- 
cal surveys are supported ; but, as a general rule. States, as 
such, have rarely done much in encouraging scientific work. 

Notwithstanding the indifference of the public to scientific 
work as expressed by the local state governments, nearly every 
State in the Union contains a number of capable men devoted 
to scientific research. The recognized advantages of organ- 
ization and cooperation, as compared with the results of dis- 
connected individual effort, have led to the formation of State 
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Academies of Science ; so that now there is scarcely a State 
in the Union which has not its organized band of enthusiastic 
laborers in the various scientific fields. These State Acade- 
mies have some advantages over the larger national associa- 
tions, not the least important of which is the fact that at- 
tendance upon their meetings involves less expense of time 
and money : two commodities which the unselfish scientific 
worker can usually illy afford to spare. Some of the best 
work done anywhere is presented at these meetings. Like all 
other truly scientific work it enlarges the domain of human 
knowledge, brings the forces and phenomena of nature more 
directly under human control, and ameliorates in some degree 
the conditions of human existence. The public, which, with- 
out effort on its own part, immediately becomes possessed of 
all the benefits of scientific investigation, owes something to 
these scientific workers. 

A few States discharge, in part, their obligation to the peo- 
ple on the one hand and the scientists on the other by publish- 
ing and distributing the reports of the local Academy. The 
reports of the Kansas Academy have for some years been 
published by the State. Three years ago Iowa began the pub- 
lication of the reports of her Academy. It is to be hoped 
that the same relation between the state organization that 
embodies the highest scientific attainments and the state gov- 
ernment will be established in more and more of the intelligent 
commonwealths of the Union. 

In this connection it is a matter for congratulation to find 
that the members of the Indiana Academy and the more pro- 
gressive members of the recently elected legislature of the 
same State are planning to effect an arrangement wliereby the 
work of the Academy may become available for the informa- 
tion of the people at the trifling expense of publication and 
distribution. The Indiana Academy has now been in exist- 
ence some nine years, and in that time has enrolled among its 
members many workers of more than national prominence. 
Amony these the reader will easily recall Jordan, Coulter, 
Branner, Mendenhall, Arthur, Noyes, and others no less emi- 
nent. While the Academy, as such, has published little di- 
rectly, tits papers have embraced the results of some of the 
best work covered by the period of its existence. Quite re- 
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centlj it has undertaken a thorough Natural History Survey 
of the state, a task which, by reason of its numerous well 
scattered and thoroughly competent observers, it is able to 
accomplish much more cheaply than any other organization. 
I^et us hope that the coming legislature of this wealthy and 
intelligent State will recognize its opi>ortunity. s. c. 
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Thirtefnth Annual Hepttrt of the United Staff n (Seoloffintl Surrejf, for the 
■jffar ISin-UJ. J. W. PowKLL. Dinrclor. Part I, Kcp(»rt of the Director; 
pp. vii, *i44), with two mafift: 180*2. Part 11. l.it'olo^y. acc(»m|>2inviu^ pa- 
Iktr: pp. X, 372. with platoK ni-<vn, ami 41 flgiin's in th»* t»»xt; 18l>3. — 
Part III, Irrigation: pp. xi. 486, with plait's cviii-ix. and figures 42-63 
in tho tf*xt: IHJKJ. Each of thtr thive parts of this rf*pi>rl. which was 
ptiblishf^d a f«*w months a^o. forms a separati^ volume, and each has its 
own index. While some delay is unavoidable in the issuance of thest* 
imfNirtant reports, it certainly seems very desirable and practicable to 
diminish considerably the interval between the work and its publica- 
tion. It is very >;ratifyin^ in this connection to not** that only half a 
vear intervened lH?tween thi» times of distribution of th«» twelfth and 

• 

thirteenth annual rejMjrts of this survey. 

In the first i)art Maj. Powell and the heads of the thirty-two divis- 
ions of the survey pre.s<Mit their administrative re|>orts, briefly statin^r 
the an*as of exploration, spj'cial subjects under investigation, and the 
progress of toiK>^raphic and jy^eolo^ic mapi)in^. During the fiscal 3'ear 
of this refKirt, tofHi^raiihical surveys were beinff made in twenty-three 
states: and [ireviously these surveys h^d been finished in Ma.ssachusetts, 
KTicKle Island, (.'onnecticut. New .Jersey, and the Apfmlachian moun- 
t&in belt from Maryland to Alabama. The ^eolo^ical mapptnjr up to the 
date of this reiK)rl had included the we.stern two-thirds of Massachu- 
setts: a lar<rt* area from Itallimorc s<»uth to Richmond: another in the 
Appalachian re^'ion of eastern Tennes.s<»e. north west^'rn (iforgia. and 
northeastern Alabama: small tracts about Madison, Wis., in eastern 
Iowa, the north w(>st part of S<iuth Dakota, in Florida, about New Or- 
leans, in central Texas, and about IKMiver and Leadvillt> in Colorado: 
lar/^er areas in New Mexico, northern Arizona and southern I'tah, the 
Yellowstone National Park, an<l a conti«:uous region reaching north and 
northwest in Montana: small districts in Washiujurton and about Eureka 
And VirjrinJH in Nevada: and a larpe rejfion of the Sierra Nevada belt 
thnnijfh the northern two-fifths of California. Final geolof^ica purveys, 
K)f greater or less extent, had been complet«'d in thirt^'-lwo states and 
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iHrrit<>rie>. iMiVHriiijf an aggn'jrato of UO.fKK) square milt^s, and ropr»»- 

s^'Rtf^l bv a liiindrtHi atlas sluM'ts. 
Amtin^ the sfM^cial paix»rs formiii^r Part II. llujse of Mr. T. Nelsmi 

DsiK «m the Ueiisst'laor jcrrit plateau in New York, and of Prof. I. C\ 

Kussell. on his second exiK*dition to Mt. St. Klias. have been already re- 
vieweil in the last volume of the Am. CtKOLikh^t (pa^es 54 and IIK), July 
nod Sept.. 181M): and the four other imiH'rs art> noticed in the following; 
j»aff»*s of this v<»lume. 

Part III, on the surveys for plans of irrijration in the arid region com- 
prisini; th»* greater part of the western half of the national domain, con- 
MstKof the report on Water Supply, by Mr. F. H. Nkwell, noting the 
ninfall antl gauge measurements of streams, with maps of irrigated and 
irrigable lands, and of {mstun' and timber lands, in the Miss<»uH. Yel- 
ktwstone, and Plalte river basins: two rt^jiorts by Hkhukut M. Wilson, 
one being on American Irrigation Kngineering, considering its eco- 
nomic and financial a.S|>ects, ditTertMit kinds of canals, weirs, dams, and 
reservoirs, and the other on Kngineering Uesulls of the Irrigation Sur- 
vey, ax developed in the basin of the Arkansas river, Colorado, of the 
Sun river. Montana, of the Truckee and Carson rivers, Nevada, in the 
High Sierra reservoirs, California, the El Paso reservoir c»n the Rio 
tinnde, Texas, and the Pocatello canal in Idaho: and two reiM>rts by 
A. H. Thoiii*!<on u|K)n the construction of to|M»gra]>hical maiks and the se- 
lection and survey of rt»s*»rvoir sites in the hydrographic basin of the 
Arkansas river, Colorado, and U|x>n the location and survey of reservoir 
sites in Utah and Idaho during the fiscal year ending June 30, 1K92. A 
must imfiort ant eh^ment in the plans of irrigation for many districts is 
fmind to be the fluctuations in the rainfall, with occasional deficiencv 
or entire failun* of streams duiing seasons of exceptional drought. 

w. r. 

Sulla Strpentitia tV Oira {T^tgo iVOrta) e w?pra akune rorrii 4ui tftmi tt/mo- 
^ioit. Fraxc'Es<'0 Saxsi. (Uendiconti Ueale Inst. Lombanhj di Sci. »• 
Lit., (2), vol. XXV, pp. «8l-tW8. Milano, I81)*i.) In this paiM'r are des- 
cribed the rocks of a small but very interesting iM>trographical jirovince 
lying in the north of It-aly. Th<^ rocks include stratified amphiboliti's, 
S'rpentine, amphibole gneiss, alten'd granite and (|unrt/it<'. Mon* sim'- 
ciflcilly they are: 

(1) Altert»d granite «)f the Val Pellino. This is a dusky whit<' rock 
lleckeU with greenish sfKits. Its principal constituent is quart/ vari- 
ously orientated. The feldspars present include both orthoclase and 
N*KiocIase. Kiotit^. altering to chlorite, and pyrite are present, us an* 
also zircon and apatite as inclusion.s. The orthoclase occurs us large 
turbid individuals, having crystalline form in part, and being in part 
iitered to kaolin. The plagioclase shows a /.onal structure, with altera- 
tion setting in from the ixsriphery. Among the alt<'ration pnulucts are 
ctlcite and e pi dote. 

(2) Bodies of quartxite compressed in the granite. These are com- 
jwct masses of scaly fracture and dusky gray to translucent glassy 
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color. Th»*y nn* holorrystallinp with bi pyramidal rjuartz, micnKiline, 
musrovit*'. chlorit**, pyritf. hikI /.ircon havintr pifoclinilc aiirt»oU»s. 

(.1) (iiifiss without am pinholf of the Val P<*lliiif>. This is distinctly 
stratif1f*d. h:is a <rraiiular stnictiin'. and is romptuwMi of quartz predom- 
inantly. orthof'las»* and pIasri(M!las«*. biotitp with inclusions of maifnetiti*. 
and asMwiatffi chhfriti' and muscovit*'. appan'ntly alteration pnMlucts. 
Zircon occurs as an inclusion in (piart/. with a mineral doubtfully rec- 
o};nizt*d as cordierite. An<lalusit«' is also present. 

(4) Am phib«>le gneiss stratified with amphibolite. This nx*k shows 
sliarhtly diff»*rent i»hases. but is always schistos**. It is mad*> up of 
cpiartz, orthoclas#'. plaf?i«>clas4*, and amphibole. The latter is of intense 
jrreen color and characteristic pIeochn>ism. 

i'y) Amphibolite. This has a uniform dark j^n^en color and is made 
up of a ni'twork of acicular crystals of amphibole traversed by ran* 
veins of rpiart/ or feldspar, the latter mainly pla^iuclase. 

(6) Serpentine. This is represent«»<l by a considerable ma.ss of dark 
j^reen mineral, traversed by small and mor*) or less sinuous veins. Un- 
der the microscope, the mass is seen to be individualized, the jrreen 
mineral breaking up into small intricate bands. I)ispt*rsed •granules of 
hiffh relief and without crystalline form are noticed. Thesi» n^ranules 
ar»^ surrounded by si^ryientlne. A mineral j^iving^ hijrh interfen»nce col- 
ors and with fn-sh aspect is referred to actinolite. Muscovite and chlo- 
rite as alteration pnnlucts, ami ^rsmules of ma<;netite. are noticed. An 
undi*termine<I mineraLundoubtedly represented in the yrrauules of high 
relief, is pres«»nt. Since, however, the crystalline form, and for the 
most part even thi* cleavage lines, are lacking, diagnostic characters 
are not i>resi*nt. This mineral has b<*en considered to be olivine b«»caus«' 
of the hiph colors of polarization: but the author considers this n»fer- 
ence incorrect. Where the ;rranul(*s are separateil by seriKMitine, a web 
structure is seen, the strings b«»infr seri)entine. and the intervening; 
spaces beiDjr filled with th»* mineral in <{uestion. These lines meet at 
an anj^le of abriiit 1K).° Such a structure has been d<'scribedby Hussack 
as "balkenstructur." and is characteristic of pyr«»xenite serjientine. 
Tlu* mineral h»*re shows kinship U^ Ixith orthorhombic pyn>xene (eiista- 
tit<'?) and to nionocliiiic (salite?). 

/fhe observations exclude the Iwlief that the seriR'iitine is derived di- 
rectly from the ami)hibole. and confirm rather the opinion of Cossa 
that it comes from |)yroxen«'. ii. F. B. 

Tfu tifotrnjirol history of Rartn'Mrr, N. Y.. \\\ H. L. FAiKniiLi). (Prf)C. 
Koehest«T Acad. Sci., vol. ii. pi>. 2l.V*223, June, 1S94.) In this pai>«»r 
Prof. Kaircliild has triven a sketch of that part of geologic history which 
can Im' r»'Hd from the rocks at Rochester. The strata below the upi>er 
part of th«' Medina an* known only from drill records which go down 
over U.<MK) r«Mt. Th«* lowest rocks mentioned are a siliceous limestone 
iumI H lerrn;rinons rpiartz rock, whose exact age is uncertain; they im- 
mediately imderly the C'alclferous. A large part of the section is com- 
posed of O.'il feet of Trenton dark limeston*' and 1,07.') feet of Medina red 
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.sandstone unci shnlf. Tht* strata fri>in \.\\*^ tt>(» of tli»* MimUiiu up to and 
incliidin): the Niagara limeston**. can b«» sttitlifMl in- ih»* 4t('nes«»t' ravin**. 
From ihH Niagara to th»» pr»*s«*nl m* dfp.isits. ♦»xi.'«*pt tln)^»' t»f L'laciul op- 
isrm. are known. f. s. «;. 

Th*- hngih of fft$tU>ifir time. \\\ H. L. Faiiiohili). (l*r«»o. K«K'h«»stt'r 
Aca«l. Sci.. v<»l. II. pp. tJ<K]-2lM). July. ISJM.) This artioh* will !>♦• of value 
fi»r rvf#Mvnct'. as it >riv»*s a concis*» siati*!nt*nt of th»» various fstimat»>s. 
fn»in that of Charl»»s LvpII to th«* n»c«»nt on»'s »)f Kin^j. I'pham. Walootl 
And oth*»rs. of th*» iim»* nHpiinnl for thi* di.'|M>sition of thr .s»*dim<*ntary 
nicksof th«r jrIob4'. Xinft»»«*n ilifTrn'nl «»stimal«'s, with oompl«*t«' biblio- 
irraphic rfffrnncfs, ar«» pres«*nt«'tl. r. s. <;. 

PrtHminary repttrt of fi*^ld tntrk liuriny tS!*.i in northumtrrn Minnfmottt, 
rhi^fijt rflntinyht t/ir \shi rial drift . H\ W.\riikn Tpham. (tiiMil. and Nat. 
Hist. Surv#»y of Minnesota, ^id [IHOii] .\nn. Repi., pt. in. pp. IS-^MJ. pis. 
1 and '2. 18iM. ) Th»* first |mrtof this pa|M*r is d«>vot«*d (o a brief outline 
• if the to[Hjsrraphy of the northeastern part of thestate. nndth** altitudes 
of a lar^e nuinlH*r of |K»inls an* ^iven: these are taken from ruilrvuid pnn 
tiles and fn>m recent <leterminations made by meml)**rs of ih«' Minnesota 
Survey. Followinjr this an* descriptions of the only n>ck outcrops 
known in Aitkin and ("ass ctmnties. 

Th«* m«ist im|>ortant and inten'stin*r part of this rejMtrt is that tn>atin}r 
of the ;rtacial drift: an outlint'of the glacial ^eolo^y is driven and s|)«'cial 
attention is called to certain iNunt.s. the chief of which are mentioned 
below. A map is pr«*S4*nted. which, amon^ other features, shows the 
rt'sults of the most recent work as to the location of the morain(*s in the 
northern ]»art of thestate. and the area occupied by Ueltrami island of 
the i^lacial lake Agassi/.; this island lies just t<» the ni»rthwest of Ueil 
lake. A very complete list <»f glacial stria* is ^iveii. and attention is 
rjilled t4» the diverjrent dIn'Ct ions of these strlje at certain i>oints, ih«* 
mtist marked bt'in^; in the vicinity of Duluth. Drift from three princi- 
})al sources is r»:'C<»>rni/.ed: (1) on the west, from the north and north- 
west: r2) east of the |{i^ fork, from the north and north<Mist: and (.*<) in 
the same nvirion. from the east. Drift from tin* last direction is »'asily 
recojjnized by its bindtlers. which an* characteristic of the rock of the 
Kewivnawan anNis on the north shore of lak<* Su|H'ri<>r. S<»veral sec- 
tions from cuts on the Mesabi raiip* show alternations of layers of till 
f rum the last two d inactions. The locations (»f four moraines north of 
lake Sii|)(*rior an* indicated much more accurately than has hi'n'lofon' 
h»Tn iKissible. and the most norlh«Tly. named the Vermilion or Twelfth 
mfimine, is hen* described forth*' first tim**. 

Several pa£r«*s are devoted t<» a <liscussion of the niisj'd brachrs nti the 
north shon* of laki* SufH*rior. and a bri<*f account is irivj-ii «if tin* history 
•»f the ice-dammed lakes that madt' lh»*s«* Ix-aclu's. Tlir»M* l>«':ioli»'> are 
rHfi^rn-fl to the Western Superior irlacial lak»'. ♦•iirhl totlie iriacial lak»* 
Warn*n, an«l one to the glacial lake Alirontjuin. Tin* la>i ln-aeli is 
iniite<l with the present l>each at Duluth. hut it i;ra<lujjllN asc«*nd«i ra^il- 
wanl, n*achin^ a hij^ht of 40 ff»*t ahov«* laki' Superior ai Sauli Sir. 
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Marie. Nin«Mlistinct deltas an^ mentioned at Diiluth as having been 
made by Chester creek at different stages of thew lakes. r. h. «. 

The IhcrzoKte-Hpritentine and a^oriated rtn-ki* oj the Potrtro, S^in Fran- 
rUco. \\\ riiAKiiisis Palaciik. (Hull. I)ept. of Geol.. Univ. of Califor 
nia, vol. i, no. '>, p|). lGl-180, Aug.. 1894.) A rather detailed account of 
thisserpiMUine is <;iven in order to disprove the supiK)sition tliat there 
are no seri)enlines of igneous origin in the ('oast ranges. It is shown 
that the mck was originally a Iherzolile. i. e., was composed chiefly of 
an aggregate of enstatite, diallag*' and olivine, unaltered iK)rtions of 
which minerals are still lobe wen. Cutting this lherzolit.e-s«»riK'ntine 
are masses of hyjx^rsthene diaba.se and epidiorite, the hornblende of tin* 
latter being probably secondary after pyn>.\ene. v. s. (;. 

On a rock from the rinuity of Berkeley etmtfiinimj a netr mula amphiMe. 
liy CiiAKLKs Palaciik. (Hull. Dept. of (i«H>l., Univ. of California, vol. i. 
no. (J. pp. 181-1»2, pis. 10-11, Aug.. 181)4.) The material studied comes 
frt)m a large boulder, which is firobably near its [>arent ledge, aboni 
thn'C miles north of Herkeley. The rock has a whili' matrix of saccha- 
roidal albite, in which matri.v are |>risms of a blue amphibole. An In- 
vestigation shows that this mineral is intermediate in chemical c<»mi)o- 
sition between glaucophane and riebeckile, that it is similar t(» the latter 
mineral in tht; relation of the axes of optical «»lasticity to the crystallo- 
graphic axes, but that the extinction angle is about twice that of 
riebeckite: the |)leochroism is also a little dilferent from that of riebeck- 
ile. Since an almost exacily similar amphibole. as far as optical i)rop- 
erties are concerned, has been re|H)rted fnim Colorado by Dr. Whitman 
C'ross(Amer. .lour. Sci., Ill, xxxix. lioD-'JTO. 181)0). th<» author pro|)Oses 
the name eroHMite for the mineral here de.scribe<l. The Coast ranges of 
California hav»' long been known to contain schists wilh a blue amphib- 
ole. which has been referred to glaucophane, but which it is believed 
will be foun<l to be largely cn>ssile. r. s. «. 

The Gratf Ire Af/e and ittt relation to the Antiquity of }fan, Hy Jamks 
(iKiKiK. Third edition, largt'ly rewritten. Pages xxviii. 85l». with 18 
maps and charts, a fnuitispiece. and 78 W(mh1cuIs, including numerous 
full page illustrations, in Ihe text. (London: Kdward Stanford. 20 & 27 
CockspurstH'ei. Charing Cross. S. W., 181)4.) First iHiblished in 1874. 
al>out a vear before the closelv ri*lal»*d lrealis<» bv Dr. James CnUl. 
Climate and Titne, this work was largely extended iti its second editi(»n 
(1877), and the same author fo\ir years later presented a continuation of 
his studies of the (ilacial and IVist&rlacial [M>ri(Kls, in his almost eipially 
notable vohmn-. Prehijttorir Europe. During the thirte«'n years which 
have pas.s(>(l siiu'c then. Ih> has been industriously adding to his data 
for the present new editij^n. which has 22r> pagi'S more than the second. 
Its nn»st rejrreiiahh' omission is the appendix. app^Mtring in the first and 
second editions bill not in this, entitled "List of the fossil organic re- 
mains of the •rlacial <le|M)sits of Scj)ila!id,** by Robert Klheridge. Jr.. 
with bibiio;;ra|»liic refrreiiees and concise descriptive notes of most of 
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thf lr>caliti«'S viHldinjr lhos»? fossils. As hen* newly edited Hiid for the 
prrp»terpart n^written, with two chapters by Prof. T. C. C'liAMBKiiiiiN, 
«»n th** "Glacial Phenomena of North America." this volume well sus- 
taius its author's eminence as the foremost of livinjr jrlacialists. It 
s**«»ms not too much to say that this work, in its successive editions, and 
l>r. CroH's volume befon* mentioned, have done more than any other 
contributions amon^ the v«'ry extensive mass »)f glacial literature, since 
the early <rrand work of A;;assi/., to stimulate many ea^er students in 
fruitful investigations of the evidence and history of jrlaciation and in 
classification of the (rlacial and ^lacio-fluvial formations of KuroiHs 
North Am<*rica and other re^rions. Like the writinjrs of the author's 
brother, Sir Archibald Oeikie, this account of the Ice ajre is presented 
in H very clear and attractive style, commendably adapted to the under- 
standing of ordinary unscientific readers, while yet carefully stating the 
latest discoveries and theories in this increasinjyly debateil division of 

JT'MlOgy. 

Twenty of the forty-three chapti'rs relate to Scotland, describing its 
•rlacial, ^lacio-tluvial, inter«rlacial and |)ost(rlacial de]N)sits, striation. 
rock-basins, ice-sheets, and Iinral jrlaclers: four cha|)ters n*late to Kng- 
land; one to Ireland; thre«* to northern Kurope: one to the I'rals and 
th»' mountains of central (Jermany: two to th<' Alps: one to other parts of 
Kurofn'. as France, Spain, Corsica, tin* Apennines. Iceland, the FjerO** 
islands, the Azores, and (jibraltar: a chapter of nine |m;res n'vit*ws the 
glacial succession in ?]uroi>»*: two chapters describe cave-dejxisits, "val- 
ley-drifts," and lo«^ss: a chapli'r of eleven jiajres summarizes tin* climatic 
chants of Kuro|>e durin^Lf the (liacial |M>ri(Ml, and the evi(h*nce of ctm- 
t«*mporaneous Pal.'iHilithic man: the fortieth chapter discusses tlu* tyia- 
cial phenomena of Asia, Australia, etc., and South America: the next 
iwu, by Prof. (?hamberlin. relate to North America: an»l the final chap- 
ter treats of the cause of the climatic and ^eo«(rai)hic chanj^t^s (»f the 
tiiacial p«*ri(Ml. 

Six eiiochs of jjlaciation, with five interj:laciale|K>chs. are reco^niz»*d. 
being nearly the same as in the author's j)aiK»r published in the Trans- 
actions of the Royal Society of Kdinburjrh (vol. .\xxvii, pp. 127-141), with 
map) in I8J)2. oxccptinjj that out* more j^lacial eiM>ch, the latest, with 
the corn^si)ondin^ interglacial efioch, is here added. 

1. The first glacial ei)och is represented by the Weybourn craj: and 
rhill<»sford clay, followed by the inter^'lacial forest l)<*d of (Vomer. 

2. For the second and maximum e[H>ch of ^laoiation, an ice-slH»el is 
mapped as St retch inpf from Scandinavia east across the northern iwn- 
thirds of Russia to the Krals, the riverObi in Sib<*ria, and Novaia Zem- 
lin: southward to latitude 50" in Russia. Poland, and ejistern (Ji'rmany: 
and southwest to central Hel^rium. to tin* Tham<*s, beyond tlu' SDUthern 
and west<*rn coasts of Ireland, and across tjje Hebrides and Slietiand 
islands. At the sami* time the Fjeroes and Iceland wen* ♦•iitin-iy ic»'- 
»'nveloiH»d. With the Irish, North. lialfic and Wliifeseas, the area of 
this ice-sheet exce(*ded 2.()0<),()(K) scjuare miles. Its limits liavf be«'n 
trn-atly ext^jnded easlwanl sine** the similar map was propared for 
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l^r*-hiMi*frir E^trojt*. This mImi was ih** tiin*' uf im.*i»l«"*i '■m*'|i**!i«ij nf Ui*- 
;rl»u'i»'rs in th*- AljiK. P\ r**!!*^*}*. mikI ('«iira*>ii^. Th*- ♦'usuiiii: iui-rirlaciHl 
J>*h1s of iiorth^Tij '••Tfiiniiy r<HitHiii rt-maiit** of a t«-mj»"rat^* Ji'-rji aij«l 
ftiuna. JTMJJcatiiijz i-v*-!! milder c:<#ii<!ili«»iis than \\ut<*' *if ili«- jin-viit »lay. 
and ih*- ri\<rrs ♦'nKJ«-<J d**!']* vallt-.'ks. 

^•- F«^r tli«' ihinl ;rJacial ••|i»K'h. ic*'-^li»*<t«- r»»\»Tiij:: lr»'iari<i. x-uilaii<1. 
iionh'Tii Kfi^iaiid. and Wal»-s. an* r«'j»r»*s*'iilf*«] as c<iiili(i<-rii with tli*- 
ScntKlJriaviaii i<*«'-sh«'<*t. wliirli n'Hch«^] s:.>iit}i U* IlamVninr. l>*'r]iii and 
Warvaw. aud «*asl Ut thi* Valdai hills and Whit** M-a. iMirin:: lli^- ii«*\i 
<'j*<K*h t>r jult'r^lacial conditions, the Kahir ^'a i*> sh<*wn to )iav*- had a 
t^'iriiKTati' rnariiiH fauna, whil** th*' adjac«'nt laudfcuf ni*rt)t>Tn (ii'rmany 
}iad a r'orr**s|»ondin;f t'TH'sirial fauna and finra. 

4. In lh«' fourth ^flacial •'fuM.'h. or Iha! of the ^in-a! liallir i:la«"i»-r. d«- 
limited hy conspiruous rnorain<*s. ih«' ir«-sh«M*i r<j\«'rt^i| n«'arl\ all of 
S(;andinavia. ♦•xc*'i»tinjr a considHrabh* tract of ^ntihi-rn SwtMhMi: it 
reach«'d east ov^T a lar;r«- part of Finland, and m»ui1i alunir th«' Baltir 
troiijrh to \.\\i' lowlands of northern fiermany and fai^ttTh iK'nmark: but 
tlie North s«'a exist#*d a»* now. and the Hritish Isle< had only hural or dis- 
trict ir«'-shei'is of romi»iraliv<'ly small ••xtHiii. Th«- im-x! iiitiTirlacial 
•'firx'h had fori'sts of d«'ciduous tr»'«'s farth»T north than ih«'\ nnw ll<iur- 
ish: and th«' Jialtic was for a tim«* con\**rted into a fn*sh-wat*T lake. 
nam<*d th*' Anrv his lak«' from itsmifst charart^'ristic fos>i] sh*'Ils. as math* 
knttwn by the studies of Haron di* (u'vr and oth*'r>. but iai*'r ii was con- 
iM*ft»*d with th«» sea by straits across southern Sw»'d»Mi. admittiiiir a ma~ 
rin'' moMuscan fauna of Mtmewhat mon* tcm|H*ratf cliaract^T than now. 
Whil*' the Italtic wa»» a lak**. th«* l)ed of ih»* Nurtli s^-a. ihf ^3ll;rlisW 
chaniK'l. ami lary* tracts which an* now shallow st^a surniundiiii; lh»» 
Hritish Ish'S, and a (h'U thdiCf to th«' FVrCH*s and Iceland, an* mapiK^fl 
as land. wh«*r»*by th** Kuroju'an flora was «'Xlend«'d t«i Icnjand aud Vir*'**!!- 
land. That mi^^'ration may. howeviT. as th** revi»»w«*r tliink'*. In* better 
«'X plained otlnirwis**. as statt*d farther on. 

.'). IMk' fifth trlacial <*i»<)cli is n'presf'iitt'd only b\ local «ir valh-y in«>- 
raifh's in th** Hritish Isl»*s. the snow-lin<' iii Scotlatiil havini: bi*t*n at an 
av<Tatf<* hl^lit of 2.WHI f«'et. 

'». .\ftcr an iiil«'rval of fon*sl jrrowlh in the mountain vall^-ys. annthiT 
and tin* filial I'lMich of local ^'laciers. iK'currinj: only mii ih»' hi^rhcst 
niouniains in Sirotlatid. had its snow-lint* at (he hiirht (»r '{.r><^) ft*et. 

I'rof. K. I). Salisbury. r»*vii*win;; this volum«* in tin* .l(»urnal uf (irol- 
o;,'\ (\ol. it. pp. 7.'Mj-717, Ocl-Nov.. IWM). w«*H not«'s tlw n-niarkahlr par- 
all«'li««m of ilii- Kiiri>|H*an atul North American jrlacial lii««ifi>r\. "that IIh» 
ouKTfnost b«ird<'r of tin* drift in KurojM', as in Am«'rica. is not (rharacter- 
i/ed by I'-riniiisii moraines: that the limit of the drift (h'|H>Nitfd duiin^ 
tin* spciuid ad\aric«' nf tin- ic«* | Prof, (ieikie's third ;:lacial ep(»ch] in 
Kun»pi', as iti Ani«-riea. is not commonly mark^-d h\ wi'II-d< fini-d m*^ 
niiih'^. tliouirh in<iraiiH*san- not altoir«'tln*r waiitinjr: tli:ii th«L'r»'a! htnly 
of |(»*".s in Kurnpi*. a«* in America. s«M'ins ti» Ix* rt>nn»*«'tril with tin* ice 
:id\ancc wliir'h suecfcded tin* LTi'atcsl: and that ih*- icr diiriiiir 1 h»' next 
NiM'«'««<'dinL' a<lvaiicr (tlw* siM'ond afl«'r tin* irn'ati'st;. h<»lh in KnmiM* and 
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AmericH, <l»'v<'|(»])('(l the jrreat lerminnl moraines, hikI that those* mo- 
raines an- tK>r<l«*nMl on tin* outside by plains and valloy trains of sand 
and ;;rHvc], denoUn^ more vi^rorous drainage than durin^r the earlier 
jilasres i>f the ice." Commentinjr on this, the present reviewer would 
imiuin». May not the chise ajrreement in the glacial succession on the 
two coi)tini>nts hi* more pn)hably in each case the expr<«ssion of varyinjf 
physical conditions of tin* increase, culmination, and esjM'cially the de- 
clin«». of a siuAfle cycle of <;laciation. rather than the records of several 
indpfit'iident eiHUThs of ice accumulation and departure? 

Applyini; the interpretation of thesi> series of glacial and interfrlacial 
deposits which seems to find warrant in Russell's observatituis of the 
Malaspina ice-she««t in Ahiska, covered on its border for a width of sj»v- 
♦ral miles with drift on which fon*sts. thickets, and abundant herba- 
rH)ust1ow<*rinir plants of ti'mjK^rate siM»cies jirrow luxuriantly, we may 
aliribute all th»* comph'X s»Mpi»*nct' of drift formations in EuroiK*, as in 
North Am«*rica, acct>rdin^ to the opinion of th«* n»vii*wer, to moderate 
fluctuations (»f thi' boundaries of the ice-sheet and of its waning rem- 
nants during a continuous (ilacial iN'ri(Kl of probably no longer dura- 
lion than ^O.OCK) or tJO.CHK) years. While the ice-sh(H'ts w»»re being accu- 
muiatiHi. doubtless a s»»verely bor«'al and arctic climate ])revailed in 
lh»*SH H'gions: but wIumi tlu' formerly greatly elevated lands had sunk 
undrr thrir ice Ixirdcn to their pres«»nt altitude or low(»r, a warm tem- 
lieratc climat** was r»'Stored. similar to that which n(»w characterizes 
the low latitudes from which the ice was Ix'ing melted away. Any re- 
iidvancH of the ice-l)order would th(»n cover remains of a fauna and flora 
<*onsistirig wholly or diit'fly r>f t^niiH'rate siwcies. Uiuler this view, the 
time divisions which Prof. (tiMkie calls eiM)ch8 seem more pro|H»rly to 
^considered as episoiles or stages in a single ♦•pocli or period of con- 
tinuous though fluctuating glaciation. 

Professor Chamberlin's two chapters contain, in o'i pag«*s with two 
mafKi, a very comprehensivr and valuable statem»»nt of the chief fea- 
iun\sof Xorth American glacial gi'ology. In all llie gran<l outlines and 
most of the conclusions, as the explanation of [)ractically all our drift 
phpuomeiia by land-ice. tli«' reviewer is in hearty accord, so that it is 
almost trivial to ref^r |)rincipally, as in this nolicr. to the following 
points where he would differ in the inferences from recorded observa- 
tions. The Laurentide and Cordilleran ice-sheels should probably be 
shuwn as confluent across the low portion of tlu' Kocky mountains in 
tho region of the Pi-ace river and northward: during the maximum 
stajp of glaciation. the gn-atest thickness of the Laiirentide ice-sheet 
may have extended along an, east lo west belt somewhat south of the 
Ubradoriaii and llndsonian centers of lat»'r radiating slriation and 
<lfirt lrans[M}rtation: tlu* northward glacial flow from uortliern New 
Knglaiid towaid tlie St. r^awrence. as sugi:este<| by Chahners. appears 
t" have be|ong(Hl only to a very late stage when the ni«*ltinir <»f the ice 
•u the St. Lawrence valley, proceeding faster than on tin- numnlainous 
ft^a at tin* south, left there a large isolated remnant of ih»' departing 
'cp-shvel: the imbrication or overlapping of the drift series, well illus- 
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hijrh «'l«»vation whicli Prof. Goikio plucos nfler his fourth jrlucial i»i^)ch 
w»»iv iiisb'ail (liirinjr pre^hicial time, briii^in^ on th»' ic<^-sh<'fts, low 
sh«»n* iraols of thi* Ijind bri<J)u:«.' to (JrfiMilaiul may iu'vcr hav<? b«?ftn 
ri»vert*tJ by th»* ic<» and so would pp»»sc>rv»» th»? Hora for Iceland and 
Wivonland when this part of tho ^'artli's rrust subsidt'd and the Ic** ajje 
t-iidc'd. 

Th«tduralion sine** llHuh'paplnn' of tho ico from th«' t«'miM'ral«' i)ortion8 
• »f Ruroix* an<l America is thoujrht to have bt'en less than Dr. CrolTs 
lh»*<>ry WDuld require. For our continent Prof. Geikie presents Dr. J, 
W. S|>#'ncer's discussion of the ajfe of Nia«rara falls, rejfarding this time 
as about 32, (XK) years. Kvidence now in han<l, however, seems to prove 
that no outflow pas.(ied fn»m lakes Suiwrior, Michigan and Huron to the 
Mattawa and Ottawa, on which the greater i)art of !)r, S|K'ncer*s esti- 
mate is founded. Probably 7,(KH) years is as close an approximation to 
the duration of Niagaraand the Postglacial iM'ri<Kl as we can attain. 

Twenty years ago the i>resent writer derivi'd his earliest interest in 
our glacial and mtMlifled drift from a perusal of the first edition of The 
Grt4ft Jcf Af/f. This third edition will be read by all glacialists with 
much renewal and increase of enthusiasm for tin* many FMeistocene 
(piestions which still remain <lebatable. Kvery page is richly suggestive, 
and the theory of alternating. glacial and int<>rglacial eiK)chs has served 
well for the collection and onlerly arrangement of a vaist mass of infor- 
mation as to the Ice age and its complicated history. w. r. 

Tht Ore DfptmiliU)/ the. United Staten. \\\ Ja.MKH F. Kkmp. (Svo. pp. i- 
wii, 1-'M3, with 94 illustrations: revised and enlarged: Scientific Pub- 
lishing Co., New York and London, 1895.) This work has aln*ady been 
nviewed in Tub Amkrican (Jkolooist (vol. xii, pj). 2(W-2«9. Oct., 1H9:{), 
and it is only necessary here to call attention to the revised andenlarged 
f.'dition. "In the second edition many i)ag<'S have been rewritten and 
♦•xpanded. The endeavor has been t«) introduc(? into the body of the 
work the new materials that have become available in the last year 
This is es|H»cially true of iron ores, of the geology of th«' Sierras and of 
nickel and cobalt. In all some fifty pages of new matter have been 
added, and fifteen cuts." The publication of a sectmd edition of this 
biMk within less than two vears nft4»r the first edition was issued is suf- 
ficiiMit evidence of its usefulness and value. v. s. o. 

The gattttfjy of Angel inland. \\\ F. L. Kan.somk. With a note, on the 
rfiffOtlttrutn rhert from Ant/el in/and and from Bnri-buri ridf/e. Son Mateo 
rimntif, ('alifornia. \\\ J. (i. Hindk. (Hull. Depl. of (leol. Vniv. r>f Cal- 
ifornia, vol. 1, No. 7. pp. 19:5-240, pis. 12-14, Oct.. 1894.) Angfl island is 
throe and a half miles north of San Francisco and is coni|M>sed larL'ely 
"f San Francisco sandstone and a jaspery rock (ra<liolarian ehert). Th«' 
chi»»f jr«*«»Iogical inten'st centers in the phenonn'ua c<Min«'clt'd with tin* 
iirunnis rocks of the island, which are chiefiy a l-irge dike of s«'rpeiiiin«' 
and an intrusive sill. The rock of tin* sill vuri«'s considerably, but its 
••haracters seem to allv it. more elost'lv with ihe fonrchih's desciihed l)\ 
y F. Williams from Arkansas than with anv (Mln-r class »•!' rocKs. In 
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I'.a< li «if iiirni "i;iiiiu )t) iif'('ifiii|iiiiiii'(l, ilii' fdrriKT bv tiir<M*, and tht* 
luiitt \i\ I Mil. iitlii-i tiiifiu lit liir miitif Hi/fiis Ihf k1h*c1s tliomselvos, an<l 
It4i > itii iiii iiiiliii is<'iMititii'i,\ III I wo |)ii|M'r rovers or roIi<»s. Kach shod 
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H t.urduii. \%iili \' I" Marhul ;nul M. tV Shelion .'is assi>r.:ini:.s. Tl'** 
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Oivatly in contrast with the forogoinjr is this cxcM'llont map of Ala- 
bama ami its synoptical companion shoot. It covors tho wholo stato 
bill has no tofx>(]^raphical contours. It is publisliodwith tho woll-known 
♦•xcollence of onjjravinjf of Julius Bion and (V>m|)any, of Now York. Its 
si/,i' is about twico that of one of tho Missouri shoots, and its publica* 
tion with its companion shoot probably cost about tho samo sum as ono 
«>f tho Missouri shoots. Thi* fjroat contrast to which wo roH'r is not in 
the dogroo of oxcollenco of tho froolo;y^ical work. ft)r thoy both illustrato 
iho host of jroolo^ical work. It is rathor in tho plan, tho history and 
tho utilitarian rosults achiovod by tho two survoys, for, aflor all, tho 
practical jjfood that comos to socioty from such ontori)risos is tho final 
arbitor which dotorminos thoir oxistonco or docroos thoir d«'ath. Tho 
hiphost flights of technical science, whether in physics or in j(<M)lojfy are 
arnvnabli' to this arbiter, and probably more certainly so in tho demo- 
cratic communities of tho United States than elsewhere in civilized 
countries. Dr. Smith seems to have realized this, and has moved slowlv 
lowanl his contemplated result, making as much haste as was safe; 
ovm step has had it.s utilitarian aspect foremo.st. while the additions 
that he has made to science have not been few. His survey is jirobably 
more firmly grounded in the piK)d will and a])prociation of tho intelli- 
gent citizens af Alabama than ever before. This map of Alabama is 
the best over published of that state, and certainly will subserve all the 
uses for whicli such a map is wanted for many years. The Alabama 
survey has not been wrecked on oithi^r of tho alluring roofs of ])aIeontol- 
ojry or t()i>ography. While avoiding th»'m both, it still has fathomed 
and outlined them both for future explorers to work out in detail. The 
Missouri survey struck the tojM)graphical n*of at the outset, and has 
spent much time and money in making a d<'tailod examination. It is 
not wrecked, but is damaged badly. If it survives the shock and 
reaches Siife sailing again, it will illustrate the n'cuperalivo strength of 
|2n»ol(>gical science in the esteem of tho Missouri legislature. * 

N. II. w. 

The Geohf/icnl JliHtory of IlarborH. \\\ N. S. Siialkk. (Thirto«»nth 
An. Hep., U. S. (ieol. Survey. Part II. i)p. lK?-20i). with platt's xxii-xi.v, 
and figures 7-15 in the text.) This paper treats of th<' inllufuco of har- 
bors on tho st»ttlement and devrlopmont u{ tin* country: the diverse ge- 
ologic conditions by which the harbors have b»MMi formed, with a sys- 
tem of clas.siflcation: geologic processes tending to preserve or to destroy 
them, with suggestions as to the means whereby those processes may be 
favored or hindered through the agency of man; and tho s|MH'ial fea- 
tures of the ports on our Atlantic and Pacific coasts, and of thosi' on the 
great Laurenthin lakes, which are now or may become of imiK)rtance to 
our for<»ign or domestic commerce, hi tho classification of harbors, 
their several genetic kinds are named delta, reentrant delta, glacial or 
fjord, mountain range, glacial moraine. Iag<M)n and sand bar, sand spit, 
volcanic crater, and coral n'of harbors. The work for the improvement 
of our harbors by the U. S. Engineer Corps, and the very accurate Ii\- 
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The modt^ls and exiiorim(Mits w»*rt' dosi^iUHl in iioconluiuM' with tlu» 
accepled coiitvplion of the «»Hrlh's cnist as "a sii|M'rHcial sholl ."i l<» 7 
Tnil«rs thick, which rests iii^oii and grades in suhstance and physical 
condition into a suhjacent shell. The under is only differentiated friun 
the upper hy its relative i)osition in ctmsecpience o{ which it supiMtrts a 
crushing load and forms a latently plastic foundation.** More tersely 
MatiK). the g(H)h>i|ric condition to bi* imitated was that "tlie strata which 
have suffen*d folding; and faulting t1<mted u|)on and graded downwani 
into a latently pla.stic mass.** It was further nnpiired that the thick- 
ness and extent n{ the strata should be so n*lated that as a whole thev 
should be flexible rather than riirid. The principles which had iM'en 
stated by Heim, Gilbert and others, that deformation by fracture, with 
shearing and overthrnst, occurs under mtnlerate h)ad, and that deform- 
atiou by flexure, with oi)en or clo.sed and flnally overturned folds, takes 
place under jjreat h)ad, are well pn)ved by these ex|M*riments. In the 
vf?ry extensive a n<l admirable series of illustrative plates we are shown 
the gradual development of ev<'ry stajire and phHs«' in the formation of 
mountain folds and faults. 

Mr. Willis concludes that the vast lateral pressun» pnKlucing the Ap- 
palachian and other mountain belts can not have been due wholly to 
the contraction and shrinking of the earth's interior. Hi* would then»- 
fore Add to that partial explanation the theories of Dutton and Ueade. 
The resulting comf)osite theory is advocated as follows: **To every hy- 
(M)thesi8 broujL^ht forward to account for the folding of the stratified 
rocks there is one objection made by its op|K>nents: The cause is not 
quADtitatively e(|ual to the task requin»d of it. For argument's sake, 
^lilinitting for each and every t»ne that the criticism is sound, I do n<»l 
uiiderstand that it dis)>oses of any which are based on itcmkI infenMices 
from observed fact.s. The process of deformation was exceed in/trly com- 
plex and thus afforded op|:M>rtunity for the action of more than one 
cause. As the work |M*rformed was stu|K>ndous, it required the com- 
bined pt)wer of all available forces." 

Referring? to the yet more ditflcult (juestion of the cau.ses of the par- 
tially concomitant but (according; to the opinitui of Mr. Willis) unre- 
lated epeirojjeutc uplifts and jrrowth of this continent, he writes: "The 
Paleo7X)ic continent and sea <»f North America had their origin in un- 
known causes of pre-Cambrian time. After Paleozoic detM)sition an<l 
<leforination the rise of the whol(> continent lifted alike the Blue Kidp' 
belt of crystallines, the folded zone of the Appalachian province, and 
theundisturlxid strata of the Mississippi basin. The uplift l)ore no re- 
lation in an»a or time to the fact of compression, and it has |Ufon«' on 
through geologic |)eriods after folding ceas«*d. as is shown by the an- 
cient base levels and revived drainage of the whole region ea.st of thr 
Mississippi valley." To the reviewer it seems more likely that an inti- 
inite genetic relationship existed b<»tween the Appalachian revolution 
of mountain folding and the accompanying rise of the int«'rior of North 
America from the previously very h»ng enduring Pal«'oy.oic s^a: and the 
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KkN.IKKo ftN THK hKKNf.K < IBERLANEi *E» TI- \* ••t I*Ri»F. H. «m<II.IKZ. 

I f"**! m;. .-•-If «.'<»frif»-,:-'i '•• a r*!'-.^. •^^- ''■•' rr» -r- i--i-:t'.<'i^ ih!«» hi«»k I'^crr- 
ts»iri «»f a will- •i.'-'riVi'jM'fi. Jifjil I *•-• ': ht •'.- t.^-w th-vn h:i> «'ri'at»'il 

I. SectiOR ■eirinfcn-lfinertfcircheR by Mr. Golltez p. 207. 

Mr <io\\i*/, M^-urrf* it i* tru- a irr-at r!:i: f-.M. but |»iil*i in^i'-ad t»r 
Malm. Tria- * :i. '••pftir:tilii'ii»»ii r«iaii |'r»-\;"i'.' l»^-rv«-rs. 

Till' »r«iijs.'ii ii'ir-li-ji" of Uh'. aiiil I)i»:::r'-r rir-'*.ic«Y»rUin!: l*i liim ih"*<»rHl- 
irail> lowarr** rti'- riii(KlI>- «if rh*' I*fatf-iikiipf w»-tl::»-.Ifci::!rrraiHl Lias an* 
asMnm*-'! as «l«»ij}>ii-«l im !li»- T'ii!»'rwa»»*r ^•-ci:i»n: at lh»* riilranc** !<i the 
ffor(r<- of th" Aar ai .M'Mriii::«ij lhr\ I»»-!mI hack u|»w:iriN. 

Th»'n* fini«-i h" u»M:rlii_\ na«-iii*' which iiuluc*- Mr. Gt»llif/. to place 
hirns<'lf in r«/iiirafli<-iioii !•» all lh»' l'«* »l'»::i>l*» wIki l»a\o liithert*) studied 
fhit ri-LTion 

•T r;tiii,;itr'l t,\ I)r. }VT<.jl(ir I'razcr from atirciilnr ilisthbuled at Zurich at the late 
•t,i-*i.ny. fA »h»: hii rit;iti>ifiai C.Mngrr^> ''t <ieolog:sts. 
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i)n#' n»ads with astonishmoiit of "iMMjr fossils Hbsolivtdv iiicom|H>t»'til 
to inform us with certainty*' (hv this th«' Triassic I)i|)lo)>h)ra arc meant). 
wh»Ti»as I H'fiT to thi* I'MtMuh'd lli'lemiiitcs, which I know in the easl- 
•Tn continuation of the cliuin. for the view held till now. Mr. (i. de- 
|M*Dds mon* on {x'tro^rraphic "habitus" and an insi>cure anal<»^y with 
the **Hrian<;onnais:" he thinks there are occurrences of "intercalations" 
t»f quartz, sandy Ihilomite. and (ivpsum. Tp to this time only Lime- 
Nione and s<»condary se^rrejrallons ha>»' been seen as they occur in evt»ry 
limestone: |K*ssibly Mr. (i. has allowed himself lo W deceived by 
Koihidolomite folded from Ix^low ui)wards. (Compare my .section Sheet 
ix, HfT. 1. ri^ht hand side.) But how any one can make Triassic dolo- 
mite on such a basis out of our hi^h mountain limestone is undiscover- 
able. 

In the l.'nlerwasser .s#»ction U*(»mpare my Hjrure \) I know of no rein*- 
tilion of the beds. 

In the nucleus of the PfatTenkopf wetl:r<' then* is no Lias: on the other 
hand it occurs on the boundary towards the (ineiss at Ahorni. where 
accordiinr t<» O.'s hy|K)thesis it ou^rht not to occur, and wlu're besides the 
wndsri* is wronffly drawn. 

Mr. (.;. op|K»ses or finds fault with the presence of Kocene on sheet xiii 
in Keichenbachthal. etc. ln(>Nplicably the im|M)rtant Kocene trough of 
thisvallev c<»rroborated bv m\. self and Mosch. which has been abso- 
Intel} established by Nummulites. lar;rely ch*ve|o|M'd Tavryanna/. sand- 
sliine. and Flysch. seems to have e.scaped him. 

Tho statement on p. 2fM) that I assume Flysdi on n\\ older chart alonjf 
tlip fiKii of Hemes*' Oberland mountain wall, where Dojrjrer t'xists. isin- 
rorn»ci as my legend proves. Pr<»visionally l>t»;:>;er, Oxfordian, and 
t>n:ene were indicated lh<Te in the same color. be<'ause their bounda- 
ries were not at that tim»' settled. This "prettMidi'd Flysch" exists only 
in the fancv of Mr. (*<»llie/.. 

In fine, the Si^ction bv Mr. (follie/ of Meiriniren to lnnertkirch<'n so 
far AS it is correct has l»)n^ been known, and where it would otfer sur- 
I>riHin)L' novelties it is wronjr. 
1 TrantverM MCtion of the Bernese Oberland, by H. Golliez: page 212. 
Tnder this |K>miMnis title a st^ction from the Monch to the Ilabkehren 
valley is piven, in n'i;ard to the northern part of which Mr. <iolliez will 
have to explain himself to MOsch; only the soullu'rii half concrerns me. 
ThediHCuvery which Mr. (Jolliez made in th<* jrorire of the Aar recurs 
iterea^ain. but he is more sun' of his affair: the llanks(Abstur/e)or th<' 
Munch are .said l<» be Triassic-marble accordin;: to the section. Who- 
ever, at the little Scheldejrjr. sees only occurrences of marble may im- 
Jiffine thai the MOnch is marbh' up to iis«rneiss cap. In fact, the marble 
is a very small factor compare<| to the <»rdin:iry hi^rh mountain lime- 
Moiie. Dolomite has nowhere been t)bser\ed, an<l as little has the Opjil- 
iuien bounded by marble. 

Mr. (follioz's Trias hyiMitlu-sis (or better, ilhision) is wronir f«)r tlu* 
MOuch also, and has not a trace of holdini; ;:roun(l. Were it correct. 
forconsistencv's saki*. on maiivof the Dufour sheets Malm W4)uld have to 
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hi* tpansforrn'Ml intriTria.i. ♦■\»*!i wlu-r^ ir ii i»»iti»ntnloirioHiIy wi^ll sn[»- 
l-Hirf*'*! I>\ !h«* f»r«"<»*nri' of T«'nnilobar.iis l>*<lNaml Tithon. Torl#»siirnjit»' ihi* 
non-f'»<*si!if»Ti>ii«* part hj* Triiis i-* irMl^-ffn-^ibl** fnrni p»?tn>ifTaphi«' ntul 
li'kl'Miir roiij*i<I»Tatioii'*. 

Mp. O.'s s»-rtiori is wriiiitf. Thi* ^lalm iiim:!«mi> Hinkinir iiiti) ih** valU-v 
nt'ar Lantprhninnpii i.«^ fo b«* iiniti'tl with th»* Oxforflian b^iw»»f»n Mftnii- 
lirht-ii And T*»rhnjry»*n ab«»v»': an<l fiirth»*r away, with th»* Mjilm of ih»' 
sIfifH's of I^iinrh'-nthai. 

Th»' n-latioiis ar»' hi*r»' r»*lativ»'i\ >iinplf and h\ thfir h»'lp ih** iilh^T- 
wiH#' iinintflli^ihlH WVffi-rhorn srchon. p. 'iOS. is nasi^^r to «'Mmprvhf*n«l 
with ihi? ruiitf* abnormally plarr*(l K«K.*»*n»\ This s#M!iinn is b**sid»*s 
wrnnirly print»*d. sine** on th»» ritrhf hand »»f th** W»-ttf*rhorn summit 
f*»ssiliffniiis f'pfMT I>oirir»-r ^lioidd liaw b»*»»n fjlacnd instead of murblo. 
It is tnw this o<*riirr»Tir»* is not ron*»i>lHnt wifh Mr. rii»llifz's Trias hy- 
Iioth»'sis. 

Tli»' nil of fh»* "^ilis^^'m*'!!!'* i>n th»* un»*iss. of which furtht'r»*xplana- 
tioiis HT*' waiitin;;. is orisrinal. 

Fn a word. Mr. tioliiH/'s s«*rtiiiri> ar»' \*'r\ w^li adaplfd to cr»'al«* con- 
fusion in Ihf minds r>f thirsir wl)4> an* not aC(|iiainttil with th*^ facts: 
th»*y do not b»*lf>ni( in a "UvTei-jriiid**, whosr pur|M»s«> is not ti) diss«'mi- 
n«t»» iindiir«'Hi»'d h\ iit>thf'scs, and I consi<l«'r mvsidf iindtT lh«* circiim- 
stance's jiistifli'd in «ipf>r)sin;r lh«*si* irt'olou'ical impn>v»»m»*ntsof th«* ()h«T- 

land. 
fSijfn»'d> A. Baltzkii. 

Ppofpss«)r in IJrrn. 

Inkc^i Af.rrrKs in tiik oij» I'alkozok >e\ bottom. Y<m will b«* intor- 
♦•Mffd to h'arii that irray «rranit«r. similar to that found at LoMars. was 
sirn(?k at Sioux City at lh»' dfpth of 1.515 ft., op '555 ft»«»i htdow th»* sra 
h'vi'l. It was iMMH'tpat^'d alxiut 5(K) fr»*t and showed charactors similar 
to those found in th>' I^cMars well. At the latter |M>int srranitc was 
struck at l,(KH) ft., alM)ut 150 f«'«>t ahovi* the s«*a. a differr»nc«* of 500 feel 
in a distance of 25 miles. Crystalline schist was bnni^ht up by a dia- 
mond drill fn»m 5(M) feet at Pawnee City. Pawnee (.'o.. Xeb.. as I believe 
Prof. I;. K. flicks has published. That. I estimate, to be not less than 
iVlO feel above the sea. Yet at Urownsville. :{5 miles n(»rtheast. a drill 
was sent down 1,<M)() feet, probably HKI feet below the sea, without pass- 
in;r thron;:li the Carboniferous. At Omaha a borin;r U> the depth of 
I.TSri fret, 7X5 below the sea. failed to clearly reach the Silurian. This 
LCJNes us a yliinpsi' of the ipre«;ularity nf the old Paleozoic s«»a l>ottom, 
and shows that the Carboniferous Is considerabiN thicker than estimated 
by Dr. White in his n'port on Iowa. J. K. T<)i)i>. 

Tohnr, Imrii, Mai/ I ,\ IS'.Mt, 
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TiiK (iKoLo(;i('AL Dkpaktmext at Johns Hopkins University. 
Since the death of Prof. George 11. Williams the courses of 
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instruction in geolog}' at the Jolins Hopkins University have 
been somewhat changed. The department of geology is now 
under the direction of Dr. Wm. B. Clark, Professor of Organic 
Geology, assisted by Dr. K. B. Mathews, Instructor in Miner- 
alogy and Petrography. In addition to the instruction given 
by these two gentlemen, Mr. (i. K. Gilbert and Mr. Bailey 
Willis, both of the United States Geological Survey, will give 
courses of lectures on physiographic geology and on strati- 
graphic and structural geology respectively. 

Baltimork Meetin*} of the Geolookwl SoriETV. 

The seventh annual meeting of the Cieological Societ}' of 
America was held, under the pn*sidency of Prof. T. C. Cham- 
berlin, in the geological laboratory of the Johns Hopkins 
University, Baltimore, Md., from Thursday to Saturday, De- 
cember 27th to the 29th. Si.xty or nu)re fellows of the society 
were in attendance, and fifty i)apers were presented. Pres. 
D. ('. (lilman, speaking in behalf of the university and cit}', 
gave a cordial address of welcome. In selecting Baltimore as 
the place for its winter meeting, the society had counted es- 
pecially on the presence of Prof. CJeorge II. Williams of this 
university, the second vice-president of the society, as one of 
those extending to it greetings and hospitality; but his la- 
mented death last summer left to his associate, Prof. William 
B. Clark, double duty on the local committee and the pre- 
sentation of an address in memorial of Prof. Williams. A 
memorial of Mr. Amos Bowman was also given by H. M. Ami. 

Three other societies of national extent also held meetings 
at the same time at the .Johns Hopkins University, namely, 
the American Society of Naturalists, the Anu»rican Morpho- 
logical Society, and the American Phvsioiogical Society. 
Many affiliated workers in all departments of the natural 
sciences, convening from widely different parts of the coun- 
try, were thus afforded opportunities for most pleasant re- 
newals of old acquaintance : and thi* si'veral meetings, occu- 
pying different rooms of the university at the same time, 
reminded one of the yet more numerous sections in the annual 
summer meetings of the American Association. During a 
part of Friday the Geological Society, on account of its large 
number of papers, met in two sections, petrographic pai)ers 
being read in one section, and glacial papers in the other. 

Professor Chamberlin, in his address Friday evening as the 
retiring president, spoke of his observations during the past 
summer on the glaciers and ice-sheet of (ireenland, especially 
of Inglefield gulf and of Bowdoin bay, a fjord extending from 
that gulf northward to Lieut. Peary's winter station. A series 
of very instructive lantern views of these glaciers was exhib- 
ited after the address, of which, and of the other glacial and 
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■.v:ivi'« if iiHrnMU'tir .vtien* :-m:ii1v 'in-n* jth uinv' ''Jiim rf*iier 
rion. :>n»ri»MM<i ii v«— r I'^arinn.. :i ml ■•:irni--r 'lisMission. 

rhf 'tHfpr* .•'•-»-r '.^r -|;,. vi-rir !>*!».=» .ii'iv i'r"!'. N. S. Sliuier. 
nrf'Sidnnt i*-."!". -i"-*-!!!! i.c ' ■nr*-. "ir^r ■•ii't- ;in-s!Uent : Prnl*. 
•■ If iiirrhrf -«•{;.'*-*•• 'Mil :•••• .p'-uioiu. Prm". 11. L. Fnirchilii, 
^pf r.-rjirv . l*""! {. i . '.Viiin-. Tr-iisiircr : -i. >tanit*y-Un»wn, ■*tU 
iN^r K. \y Kl.s UK I ' . i^. \':tu Hi:***, m-iuhi-r? "t 'he ••oun«ril. 
Kiv,- :iH\v :*i'iiii\v«. vi'!''- ■•{••♦'ri-ii. \Virti 'tii** .uidirion. "Ik- torul 

Ir i.j iniiiHinri-ii. ;n rii«- .-i-nnrr ii In- •'nincii, rtiut rhe soi-i- 
•*rv"- .ihrapv :-! :«• )t* ■L«-h'»>itrU ;ii 'hi- « use [-Ibmrv :ic < leve- 
!jitiiI. ' »hi«^ v^rh r'.u'iiirit-?- r'-tp '"ans "o :'*-iI"iw- lUirini; pt-rioii:* 
[lor "X'rr'iMiinif "Wii iiimrh>. 

TliH '\t'\T .nrf*riri:r -*( 'he -oi^iety A'lil le .n '••nineoti«»n with 
rh«t -ir' "hf* AnirriiTin A-?i<»<*iari»»n. it '^nii Friiiiris4.v>. ' ai.. in 
Antri-r. :iiir '111' '.lai*- •!" 'he -ifxr vvintt-r :nt-*-rin:r i^ n<»r yet 
't»-rprnnn«HL 

Aiirj»*njii'U ;* I .i-.r ii" "lit- napi-rs ^^nd it *h».- Buitiini»n^ uieet- 
.n'j. Mnnv >[ "iir-tn ■.%•»' n- :'i»ilM\v,Mi A-itti iiupt-prani ai*<*us«5ion. 

it; •. r'i'lil 'fif'.'r.t ■ n 'III •>tiifll,ii iltil •'iilllt; -T 'fir l.-iTi r '^hif^tili 
itin-^tifii ^ ,t!i:' '^ ' .ii'it ••'•! -lit 'it'll. . ■ 'I u tM*r \ ■- ^H.M.nll- 

/"•*• .\ :ni*f'i''ft'ii It '■/;«•- -T '••'I'lifi .'I -I* I **/. iin't ithiih ''iiufi 'f I II tf*t 

/",. ''.ff-r* f I .',,1-,:/ ',..r/.sf,..',_ ■■"ii,r,.ii '. I. ■,.•■/. \', ,#■ ]'./"v. H. I' •.■i.>.u- 
:\-i.. ; )»-r.i; ••■: ;i.ii'J» ■ _:" -'"-^v^ :i.i: !•■ I'-tr'^ ii'r'/iiiil:ii Prilt*«'/.oM' 

.{r:i;:i ir'i-.- ,; .< vr.it:^ '.\.--^ ii_: nl.l.'*. "M'- ■;iinl»'«l ""i-'OKS 'iHiHij 

■. .fi^.-ji »--j; ! ' -'nil.' •!/.". V'\'- -'.ii' <■•" ^ 'i ^1 r;ii firi'r»-*i :"rt>m it'* 

:)»•:! !■■ »■■_•■ -ii ■ I.- i'..>,:\- ; .•• iT" ■! M'- vi'-i'iiri*^ \iLi ri'iiit:Li*:% Tlt»iiri- 

/".. ;'..•■ I.I »'.. 'I -r ,'... i./.*M/.% -1/ r.f,,f ; |\ 'tiLUKHT ' 'hs^-r'-'Mrinii^ 

.,1* -,...■.-•• II .; :i |i j-s -.j.-u- li ■ :i" ii;ii!!> T'^hj^mJ i^v : tl»' Ap- 

A.i« ^M- :'. ■■'■ '. ■■•■ r :■":!-■ ■■:"i ■. 'i- ""ithi. 

i'*.. /'.,., 'r.-. / . S ■...:i-.;r'- i:iis !■' ■' 'iiM.iVKU. K'li'll^i I»» ri» 
;i' '. ■■■ J ■■:"■ • -■. rii-" .1 l--'i;ii:r .1 n v;--"^- .■_/■■•/<. ^ •■'•i»?ni»''» "Xi'^tt'il 
• ■ - .■ .■■ ,'■ ■•■ -.-I '-^ I- I ■'•• ' ■ .'■■'I'i' :_: pr' r.v:ir»i iinl -tL^iwripil 
'■■i.rn "II •;'.►-. . •...,■,.;.. 

/.'- '.f-''..i ■■■ ' •' -■■•'// if .* ■ . ■'■' ' ''' "*"!/■' ■ I \V I M<.'<»KE. 

/... '. .,y .'■ • , ./ .. I ■■ I/- ... ' ..-./ .,.. V- t ■.!.>•' ■■■V \;.r'iH II. Weep and 

I.'.' - i *.:;-""«■*• 

/■,.. .^.y ..'*'.•■■.'• r -■. : / ■■; /..,..•' I m\k:.k>R. Kkyes. 

/.. ... ...^ ' , r ■.:■. .■.■■-,■■. .' • ■■.' ■ 'V ^I'KNi KK. 

if..'. .,' .,.,t.'. ...**..!,* t . '..•...I/.' •" I ' i[ »MHK!ii.iv. : rr»»«fidoiinal 
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Mowthern Oreenhtml. (i. Fkedkkuk Wukjiit. 

Highland ItTtl i/riird$ in uorthirn Xnr Knf/tant/. i\ U. UircuaxK, 
Viiriation* ff ghirirrn. Haruy Fikm)IN<» Kkid. 

DiAcriminiition of glacial afruinulntinn iimJ innmitm. Wakrkx Utham. 
CUmtttir rohtHtionMMttotrn hy \orf/i Atntrituin iitiirgUinal iUponitn, Wak- 

KKX l^PUAM. 

liltiriaUakeii in inntrrn Xvtr York. H. li. FAiHciiiLn. 

f^ice X*nebrrri/, f/te tinrrt-MMor of tfike W'urrfn. II. L. Faiiu'IIILI). 

Snten im the ylnnalion of Xnrfonnffhintl. T. ('. CiiAMiiKKLiX. 

The yrr-Camlrrian flttor in (hf yitrlhtnntrrii tthiftM. i\ \V. Mai.l. From 
I h»» records of <lt»op and nrl<*sian w«'II boriujrs a s^rifS of sections and 
maps shows tin' oxU'nsion of the pn*-('amhrian rticks from tlw'lr outcrop- 
pins areas downward under the later formations t(M hi* successive depths 
of contours at the i>resent sea lev**!, and at ."KM) f^ct and 1.<KW) feet below 
that level. 

A furf/t^r contribution to our kuoitUdyt- of thi Launntiau. Fhaxk 1). 
Adamh. Description of an area of anorthosite and surrounding^ crystal- 
line rocks of the <irenville series extending from the island of Montreal 
about .V.» miles northward. 

Thr eryntaUin^ UineMtonr«. op/tiofiftM, nud tiMfntriutcd nr/tittttt, of thv (ontern 
AtliroiKiackf. J. F. Kkmi». These limestones and schists, occurring in 
small areas, usually less than a stiuare mih*, are re^^arded as older than 
the Kabbros and anorthosites ol the Xorian series, beinjr probably the 
remnants of an extended formation which was cut up by the jrabbro in- 
trusions, metamorphosed larjrely by them, and afterward enwled. 

Tht rryMttiifine liniffttontmind ftMMoriatcd rorku of the nitrtJuNMt Aitironiturk 
ffgion. V. H. Smyth, Jr. 

hnrt-r Cambrian rorkn in taHttrn Cafifornia. V. I). AValcott. The 
White mountain ran^e. whose structural features were n<»ted in the 
second iMi|ier of this list. 

Drronian fofntiiM in Carbon if f ro um at rafo. H. S. NVii.ijams. In nortli- 
♦•ru Arkansas, at Sprin^r Creek, near Hatesville. 

Th* PottMrillftfrritM afony \*ir rinr, WcMf Viryinia. David Wiiitk. 

Strntiyraphir meaMHrtmmt of CntartouM fi'nn; (i. K, (iirnKUT. D<'s<Tib- 
iajr regular alternations of nhnU' ami limestone, in pairs of strata to- 
gether mostly from one to thre«? fe(»t thick. occurrin«reonun(»n]y throu«,di- 
out a fn^at thickness of the Ft. Henlon. Niobrara and Ft. Pierre sliah-s 
in the Arkansas river basin. The hyiM)th«*sis suir^'estrd fur these alter- 
nations is di»pendence upon the astronomic CNcles of preci'ssiou of tin* 
♦ijuiuoxes, which wouhl re<piire M»me *>0.(MH»,000 yrars for the disposi- 
tion of this ixjrlion of the Oetaceous serirs. repn»srntit);r ])erhai)S half 
of theCn'taceous iM»ri(Kl. 

Xoten on the (^rftaceouit of ircHttrn Tt.rtiM ttod- Cntihuiln. Mt.viiui, K. T. 

DUMBLK. 

Thr CretnceonH iifpoxita of thv northt-vu half of flu Athintir roasiol plnio. 

WiLMAM B. Clark. 

The marginal tlrrehtpnunt if thv Mionm in msfrrn .W/r Jn-sty, Wh.i.iam 
B. Clark. 

Sfdimmtary geology if tht lialtimorf ny ion. N. 11. Dahton. 

The Mil rfnee formations of Moiit hi rn Xc/r Jt /-.'** y. Kom.i.n I). SAMsuniv. 

On nrieformH of marine alyo' frinn tht Tnnton h'iiii!*ttnn . trith ohiorrn- 
fi^mMon Buthograptus laxus Ilall. K. P, Whitkikm). 

Spherulitir TolranifM at Xorth liar en. Ma int. W. S. Havf.kv. 

The peripht^ral pha/trM of tht gnat gahhro mas.'* of iinvtht anient Mitnimnt,i , 
W. ft. Baylky. On the northern boundary of tills ixn'jit L'abhroart^a an* 
basic and fL^ranuli tic rocks whose ('()ni|M>sition indi('at<-s Dhmi' relatioti- 
ships with the pabbro. Tin* basic rocks an* aL^L'^n•.l:ates of tlir basic <'on- 
stiluenls of the pabbro, and they an* cliaraclrrized I'sprcially in th«'ir 
abundance of titanic iron. The irranulitic rocks diil'iT froni Iheminrrals 
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I. :ri :• x!!!^- aiitl 'jraiii ••( somit 

■j:i:ir*/ 'j.-irKi*- •l:k-'» -f • ■:- fi'-rifr-rTj j-Ti.[:»»',i':;i i«f Mu'hiir.tu. nod cum- 
j'iiri-'ij w.:ii ■rfi'', .- f. .w» ..f ^;m.-:ir rriiii-r:i! ••■■mj"is::i..ii. Iiiir-rstilittl 
niiiT"i- .rni.it ■- > pr.m:iv '-r i-i.-'ini-jt'-.^iio. :i!j«1 t:.- f-i»i>iiar crystal- 
':i/M'..-.:i :»• j.iij !»• f'.r* ' :.;iT "f :i!- .ii:„';:-. r..iiiii.i:ii.j until lai»*r. The 
in.ii I. ■••»;••«•: .f ■•i- j..j|i. r wa* T.-.-iirii. i»\ iI:^l*i:>*:'iii. ih- tvM methndn 

w.ih -xi.iMti'iT. 'if 'i'|-r!m'-!i'« <'im«- -^lai: fpim ih- rMfatlH fiiriiac»»s iiwtl 
111 fii|i|i.T-*ni-!!i!;j. w::ii i;irj- ni«'!ili!»' i'n'»Ta:>. iff w-fii tint- ami twt> 
'••■riiim'-t-r* '>^|ii;ir'-. inv-r* '•Tiji^' «'i«»:r;til\ .-iihI In miHl*' nf ■K'i*iirrvnf»i». 

ItKi.i.. Th- !iiii»"»T"iip'» i»v.r .t tVTTaiii r'»:rj«iii in ilu- Nitium ••[ ihis lHk«* 
an- a^'""riaiii»-il \\\ Th»- T^^tc-rrn'Mi !«• 1»»" ■•\i»'ti'»i\»"l\ »*ri*|tr*l in a |M*riiiiair 
niaiiif-r which ih" writ* r rai:« h«iii> xoomhin:: ami pinini:. This eoiitli- 
ti'in js aM.Tih»'i| III a ilirf-r-ntja! '»i»liihi!ii\ 'if }\\*- r»ick in th»' pn-seiict* cif 
'•li::hil_v af'iiliilal't) wat'-r. 

\vi»r.ii. 

Oh M>„n* ilikm >'.ft,*'UUnfJ "hnn'hit,." Al.KKKP K. Maki.ow. A ])eln>- ' 

L'r:t]ihif'al n<'tir'- i>r i''-riai[i4lik*-'« "f iJiaha^^*.- inirih and nurthnast of lake 
Huron. r-ifntainniL' ■'linn»nit»'." a^lhf min'-ni) wa> nanir*d bv I^r. Thoin- 
«"ii in \<'i^\. \\ i« f«iiin«i Til 1»'- an impiir" nr aIi*T*'il form i>f amtrihitf. 
which h:t> iinil»'rL'«>ri»- ♦-irli-r |-artiai i'T f«»nipl"ii- "«>au*isiiriti/.alioii/* 
i»vviiiir i«i nii-iam<ir|thii' action. 

M \ll LiMm;hkN. 

\\'i\i>.„jn'/t. >\Mt Ki, Wkidmax «liitr-Hlnc»Ml hv W. H. Hobbs). In iln* 
\iciniiN of Mara hi" I. Wi^.. acid |M>ri>h> rilic n^ck^ occurnf prt'-Cambriaii 
.tu"-. which C'irr»*|Hinii cii"niir:ill> with <|iJart/-kcratMphvrvs. They ex- 
liibit iiii«l'-r Til" Tnicp»^c«i{i" thi\i«ni. -pli' ruiitir. |ta»ikiliiic. nntl other 
*f fsici wT'-^ '■! '.■■!c:ini<' p»ck"». anil ar»- a'»'»i»oiaifil wiili x'lih'anie bri»ccias 
whicli *.)ii(W Jh'-ni »H iia'. •-■ th«-ir Mri::iM in a'»urfac- tluw. 

77/» f/f;in/f..n ../ 1*11.,'.', p,,if:. ('»l..rn*t.., Ki>w.\Ki» 15. Matthew (intro- 
iliiciij li\ \V. 11. riarki. An ar-al an«l iH-tML'rapliioal description of the 
::raiiii»"» <:"ni|M ■«»; riL' tin ^■•iiili"i'n »'inl ■»f ill*- Kanipari nr Cohirailoran^*. 
^h'lwiriL' ihat L'r»-:jt rninr'i^i'npic variatinn \Wi\\ T'-'^nli while tbt* micro* 
-»cii|iic ciiaracr'j-^ r«'rn.i;ii ni"ii'"t'.ni'M>ly iinifiinn. 

,1 iif'riiitr'"'it. r'"-l. i.i,ir Si/ni-'is, ^ \' -r )''/'/.'. N. H. DaKTON ailti 

.1. r. Ki Mr. 

(hi f/i' tl,t',,iiii„t.'*it,'..„ ,if If.' •.rii'l*' ■ ••/'I iif till ]iij*trirf nf CnftiMhui.. 

< iKom.i: I*. Mki:i:n.i . 

. 1 i,ri, ,it iffiii'<i'HjV'i}>hii tiM r> fti'' *» .'. 'f ■•■ :" "' 'finit nfs. Uaii.kv Wilms. 

>■# I'jn lit fin fif» mf" :i.n'fi//M ,itt, r "fii'i''- . ' -11 rhf r."'', •/ i/iniff'-pj^t H*hiM**rph*, 

\flihii,ji,ii1, Mit.ss. \\, K. Kmkk^on. 

^/tifif.i/i i/'t/MfiifM "t' .oii/f <.-'• '".■/# /ttli't /'. ' -.I'.'iif r/,i.isfn/iff iittti ftiff r Mittiii'f, 
I'l-i'in thi 7'riitf^. W, Mfj'n /fj , .l/.i**. U. K. KmkI^oN. 

Jiiiilliitiiiif jtUtht riiiij nf' I'i'/ 'i/itfiifn rrt/."!.)'.* tifi-'imf ,i!> i,,if, ^ l\Ihnin, M«lMM. 

1 1. K. Kmi-.h*«iin. 
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GEORGE HUNTINGTON WILLIAMS. 

F850-1894. 

[ Portrait.! 

liatiut' Hdolcscentesmihi mori sic vidiMitur. nt cum H(]inH' muItiludiiK^ 
ftaiiiinu«* vis opprimitiir. — Oato. 

The student of organic nature, busied with the various forms 
under which life has manifested itself, frequently meets with 
phases of individual growth, among the living or in the earth's 
catacombs, which show that one creature may pass through 
its developmental changes more rapidly than its fellows, span- 
ning structural chasms, leaping vales and scaling hights which 
others of its race must plod slowly and traverse with weary 
eifort. In intellectual growth is the faithful parallel of 
such physical acceleration of development which the Greeks 
idealized in theirconcept of Athene, full-grown andaccoutered 
at her marvelous birth; equipped for war, not robed for 
peace. 

The geniuses of science, "standing on the mountain-top and 
catching the first rays of the rising sun,'' pregnant with new 
views of nature, have realized that the path to success must 
be hewn out with labor demanding the utmost of their equip- 
ment. Experience has written nothing more indelible than 
that for the loiterer, the dreamer, the man of leisure there is 
no niche in science. 

In the death of professor Williams, who was a man of gen- 
JUS, of intellectual prowess and an unremitting laborer, it is 
<iitticult to fully apprehend the loss which has fallen to geo- 



>':'. ' »*^: r . a.i ".f * r^Tttls**^ f T mrP ^v-rO-Jr- ■» 

r-.»i- J r-* '.. »i^r^ r '.*i-"\#» -«rrT^ :«f*arrcrp •• Jui&iiLi.l. 
•.>-*#f*fc^f^ ,-r. • vw^Qjc*;?' -: r»;i«fiMi. rsz aug > mjk rr^furianr 

.. ,iu- 111-* niitli • •itr. ill*- .rnifii JiUMtET **". 'V'.-iiajiT*. x 

' * ^ ', . ' s •'. •*r*' '.lat 11 ***a> nut without siarniti- 

' " ...^t ;•/,""» A ra'rn ^^-'ini have .eft mAny unother 
/'' ' 7 .»;w" ♦/, thf* ri#f«i '/f an active* vigorous employ- 
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inent, were to him a wholesome stimulus toward the best whieh 
life could atford. 

He was of a fine nervous temperament, whieh, if it prevent- 
ed a high degree of physical robustness, nevertheless infused 
both body and mind with activity. To many who knew him 
well it was a source of surprise that h<* endured so sturdily 
the often arduous strain of geological field work, and that it 
ever became to him a means of bodily repair and refreshment. 
Yet it was his mind that was normally and by nature m<»re 
richly endowed than his body. 

During his early training in the public schools of Utica, 
terminating with his graduation from the Utica Free Acad* 
emy, he left traces all along of the first degree of excellence. 
In the autumn of 1874 he entered Amherst college. Here 
he showed the same proficiency in all lines of a<*ademic 
work, loving and excellent in the languages and their clas- 
§ies, stout in mathematics; the two essential ingredients 
of the first half of such a course. The former kindled a flame 
which was never allowed to die, and to these accomplishments 
must be due in no small degree, his broader and more delight- 
ful tastes. ' 

I am not aware that Mr. Williams had manifested any es- 
pecial aptitude for natural science during his boyhood ; a re- 
spect in which he was like many who have attained eminence 
as investigators and philosophers in this field of knowledge. 
The rigors of his preliminary training and earlier college 
course may have afforded no opp<^>rtunity ff»r the development 
of such tastes, and the scientific instinct was dormant until 
he came into contact, in his junior year, with that devoted 
teacher, professor B. K. Emerson. 

I recall his enthusiastic devotion t^^zriology (a subject which 
at that time eame within the scope of professor Kmer«*on'*» 
work), which seemed for him a d^K^r opening into a new world 
••f interest. And when he t/>uched the living rf^^k untl had 
become thoroaghlj enamored of ge^^Iogv. hi«» fondnem* for it« 
zfXilogical «ide long clung to htm. 

Being graduated in 1H78. a pr>rt ion of th*- following ye^r 
VM q>enc at Amherst in p^xst- graduate work. fVf.rogr^phy 
Wis cben a virtoallj new -^iene*- in thi^ c-r,fjntry. Zirk^l. of 
Uipxig. had arocued an interent in the mlfrrrf^ffpirf^i *tnfif 
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of rock-masses by his work for the United States Geological 
Survey when under the direction of Clarence King (1876), 
but there were then few American students in Germany im- 
bibing this new knowledge, and as few at home to whom Zir- 
kePs work appealed. In 1879 there were probably not a dozen 
men here who were making serious efforts in this new depart- 
ure, but of these professor £merson, alive to every phase of 
his science, was one. Mr. Williams' interest was enlisted un- 
der these influences, and he was led to seek, the following 
year, the well-springs of such knowledge at Gottingen and 
Heidelberg. Meanwhile, however, he returned for a brief 
period during the spring of 1879, to Utica and taught vari- 
ous sciences in the academ}'' which he had left five years be- 
fore. Though in this capacity but for two or three months, 
he infused such a degree of enthusiasm in his pupils for every 
subject he touched upon as to render the writer's task as his 
successor a difficult one. £merson had graduated at Gottin- 
gen during the life-time of that versatile geologist, von See- 
bach, and to Gottingen he naturally sent his pupil. There 
Ehrenberg, thirty years before, had turned the microscope 
upon the rocks, searching for their minutest organisms; von 
Waltershausen had done his immortal work on volcanoes, and 
Klein, now of Berlin and the foremost of physical mineralo- 
gists, v/as then lecturing. Here in the winter and summer 
semesters of 1879-80 Williams heard these lectures by Klein 
and those b}' Hiibner in chemistry. The next year he changed 
to Heidelberg, where was and is Rosenbusch, a name which in- 
creasing numbers of Americans delight to honor, and there 
was begun a friendship between instructor and pupil whicii 
death alone could interrupt. After two years of work, prin- 
cipally with this inspiring man, he went up for his examina- 
tion in December, 18S2, achieving his degree with honor. 

Upon too many of the young Americans who throng the 
German universities the glamor of the doctorate exerts a pal- 
pably unwholesome influence. The title here passes for more 
than its face value and, unhappil}^ it matters little whence it 
comes. When a well-directed public sentiment shall have re- 
stored to its proper dignity the now disordered and cheapened 
title, professor, the doctorate may resume its appropriate sub- 
sidiary place. With Williams the attainment of this degree 
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was but the terminating incident of his course and the title 
was never unduly paraded. 

Returning to his home directly upon its accomplishment, he 
found himself situated as many others have been, with abun- 
dant opportunity to find something to do. At this critical^ 
l^eriod in the life of every young man, when the first serious 
step in his career has to be taken, Dr. Williams did not find 
his way laid open for him by outside influences; the writer 
recalls his disappointment at the failure of an attempt to con- 
nect himself with the work of the Smithsonian Institution. 
Soon, however (March, 1883), he obtained a fellowship- by- 
courtesy at the Johns Hopkins University, at Baltimore. It 
was not such a position as a young man not without supple- 
mentary resources could afl^ord to accept, nor was it, of itself, 
quite to the level of Dr. Williams* hopes, although it was to 
prove the stepping-stone to his most successful career in that 
institution; for in 1884 he was advanced to the title of Asso- 
ciate, becoming thereby a member of the academic statf ; in 
1885 he became Associate Professor, and in 1892, ordinary 
Professor of Inorganic Geology. 

When Dr. Williams entered upon his work at this institu- 
tion there had been no department of geology and the instruc- 
tion given had been of the most desultory sort, a little in 
mineralogy and lithology having been attempted in connexion 
with the department of chemistry. Upon him devolved the 
organization of the department, and the high etficiency which 
it has now attained is due almost solely to the vigorous pros- 
ecution of his conception of what such a department in such 
a university should be. He was quick to acknowledge the 
warm espousal of all his elforts by president Oilman. The out- 
put of his academic work as embodied in his students has 
stamped a value upon it which cannot now, probably never 
can be estimated, but its success in the e3'esof those who were 
watching him from positions of close ass()ciati«)n is expressed 
in the memorial minute adopted by the board of trustees and 
the academic staff of the university, in which the}- bear testi- 
mony to "his alert, inquisitive observation, the close judg- 
ment and sound reasoning which he brought to the interpre- 
tation of what he saw, his excellent power of statement, 
whether with voice or pen; his cultivated appreciation of lit- 



74 The American Geoloijhf. Febrnan, 1995 

eraturo; the energj', hopefulness, enthusiasm which he carried 
into his work and imparted to his asscK'iates; his genuine in- 
dividual interest in his students: the friendliness and help- 
fulness of his relations to his colleagues and his readiness to 
cooperate in every worthy undertaking/' 

lie who trains students insures his own immortality. The 
young geologists, quick with the inspiration caught from in- 
tercourse with this man, will be his best and perpetual memo- 
rial. They are not many, his career was too short; but 
through them his elevating ideas and clear purposes for his 
science will not be lost. 

There is one phase of this career, the best of it, he himself 
would have said, that in which lay the poetry of hislife,which 
must not be overlooked. This was his total and unreserved 
devotion to his home. It is the more fitting to mention this 
here as many of Jhe readers of these pages have shared the 
hospitality and known the loveliness of that home. It was a 
spot where every geological worker was welcomed, whose en- 
tire resources were at the command of the scientific comer; 
and, to the students, the point where they came into closest 
touch with the personality of the teacher. 

In 1886, Mr. Williams married Mary Wood, a daughter of 
the late Hon. Daniel P. Wood, of Syracuse, N. Y., a man 
widely known for his accomplishments in law and statecraft, 
and whose appreciation of science was evinced, during his 
long career in the legislature of his state, by the generous and 
unflinching support which he accorded to the work of its geo- 
logical survey under professor James Hall. The marriage 
brought about one of those rare relationships in which the 
work of the man found at once its most appreciative cooper- 
ation and support, and its most rigorous critic, in the intel- 
lectual intuitions of the woman. The value of such compan- 
ionship, not alone to the worker, but to his work, is not often 
overestimated. In his peripatetic work she was often his 
companion, accompanying him among the hills of Maryland 
and upon his Norwegian trip with Prof. Kosenbusch and Dr. 
Reusch ; and in the study she was his first and acutest auditor. 
Three sons were born into this home, two of whom still live, 
one of them bearing his fathers name. 

It is not possible in this place to give an extended analj'sis 
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of professor Williams's published work; that may be reserved 
for another occasidn and writer. Here its results and condi- 
tions are briefly summarized. 

During his university life in Germany, in the interval be- 
tween his semest^^rs at GOttingen and Heidelberg, Mr. Wil- 
liams made a tour of southern and southeastern Europe, 
bringing back with him the materials for his first scientific 
publication, **Glaukophangesteine aus Norditalien," which 
was printed in the Neues Jahrbuch fiir Mineralogie in 1882. 
This was followed in 1883 by his inaugural dissertation, pub- 
lished in the same journal, on the Eruptive Rocks of the vi- 
cinity of Tryberg in the Black Forest, an elaborate investiga- 
tion which elicit<?d the applause of geologists best able to 
appreciate it. 

The work of a geologist is prel?minently what his environ- 
ment makes it; hence with Dr. Williams' return to America 
and the commencement of his work at the Johns Hopkins 
University his attention was directed to geological problems 
presented by the region about him. In 1884 he began a series 
of papers pertaining to the petrography of the vicinity of 
Baltimore, publishing two in that year and continuing them 
for nearly ten years. Twenty papers and maps published 
during this period may be regarded as pertaining to this sub- 
ject, and the outcome of his geographical location. Many of 
the briefer of these papers appeared in the University Circu- 
lars, a mode of publication in which the author evinced his 
patriotism for his patron institution, even at the risk of hid- 
ing his work from a great part of the interested world. But 
under the auspices of the United States Geological Survey, 
with which he became connected soon after his appointment 
at Johns Hopkins, he was enabled to elaborate his results in 
detail, publishing in 1886 an important bulletin (No. 28) on 
the Gabbros and associated Hornblende Rocks occurring in 
the neighborhood of Baltimore. In his Guide to the Crystal- 
line Rocks of Baltimore and vicinity, prepared for the meet- 
ing of the American Institute of Mining Engineers in that 
city in 1892, the geological map of Baltimore and vicinity, 
published by the University in 1892, the Baltimore sheet pre- 
pared in collaboration with Nelson H. Darton, for the Geo- 
logic Atlas of the United States, professor Williams was ena- 
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ity. He brought himself into contact with the intelligent 
public in several general expositions of the broader bearings 
of his interests, such as his two articles on the relation of the 
microscope to the study of the rocks, published in ''Science," 
and a more extended presentation of Some Modern Aspects of 
Geology, in the "Popular Science Monthly." And of wider in- 
fluence as well as of standard importance is his "Modern Pet- 
rography," published in 1886, as the first of a series of "Mon- 
ographs on Education," issued by Heath, of Boston. His 
^'Elements of Crystallography" (1890), written to supply the 
needs of his own pupils, has become widely adopted in insti- 
tutions of higher education in America and is understood to 
have already passed through several editions. 

His mechanical ingenuity and adeptness were shown in his 
design for the petrographical microscfjpe constructed by the 
Bausch-Lomb company and which has long been hatched 
upon the cover-page of this journal ; and also in the inven- 
tion of a machine for cutting and grinding thin rock-sections, 
of which the motive power is electricity. Of this useful con- 
trivance he published a description in the American Journal 
of Science for February, 1893. 

Even to this young man the honors which beautify and 
crown success were beginning to come. He had been made a 
vice-president of the Geological Society of America, a corre- 
jiponding member of the Geological Society of London and a 
member of the Mineralogical Society of France. Under the 
auspices of the Maryland board of managers of the World's 
Fair Commission he was given charge of the preparation of 
the state book, and in conjunction with his associate, pro- 
fessor W. B. Clark, prepared the geological part of that work. 
Under similar auspices he served as one of the judges of award 
in the Department of Mines and Mining at the World's Fair, 
and the last paper but one published by him was an account 
of the exhibits in mineralogy and petrography, which ap- 
peared in the Geologist for May, 1894. 

Professor Williams's early departure has terminated one of 
those truest lives which Dr. Holmes characterized as like a 
rose-cut diamond, with many facets answering to the many- 
planed aspects of the world about it; its influence elevating, 
its memory sweet. John M. Clauke. 
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On H newjM'trographical microscope of American manufacture. Univ. 
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THE GEOLOGIC HISTORY OF MISSOURI.* 

By Artiur WiNM.ow.St. Louijt. Mo. 

Introduction, — The geology of MisROuri has now been 
studied for a period of half a eentury. Though much detail 
yet remains to be worked out, its general featuren are known ; 
the periods to which the formations belong have, in the main, 
been determined and their structure is understood. We are, 
therefore, in a position to narrate with some confidence 
many facts of the geologic history of the state. In the pres- 
ent state of our knowledge of such a complicated subject, it 
IB, however, not always possible to make positive statements. 
But, in such cases, much can be said which is at least sug- 

*R»*ad by title at the Ur(X)klyn m«H'tin>? of the (leolojrieal .S»ci«'ty of 
America, Aug.. 1894. 
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pftrpttjn^T^ sail .rrmcirj^ss. r»»mp««^a:£ ■% j^»up -f ii.I* lamt-^i 

Thf; r-rf/w#-r S. ir:an aaa >»*^hi*r xinonaa ■ T^**;si^ •!" *!:•* 

Th^jr •>xte!Hi -a»vwari iranv -•■ -::»- Mi'-^is^ppi river. :n»m:- 

Th#r rr*rriN>n uiu ii:rn»rr L«»wer "^i^ ir^aa I'lrmatiuns art* -h:*^!! 
f/i r»v«rr:iH 'IIP Oz»rK formation -niv-vi-r ^ ^mail anra -«»uth <»t 
?H. f>Hii- .iiifi uonj^ *nt: Mi'-*i=H»;ppi -iver. over the wh<»le 
vrwif^rn oorrioii if rn#r -tat*^ 'nev tr»r :tb$eDC. Thev ••ou^iist 

* mm 

f'l>p*;r '•j.ii/:nii -tnita :ir»r jij'^+tnt m nie *tace. with the ex- 
'^eption '>\ t :Vw "Xfi^ir^ur*;- in tne •-ua^t, utijacenc to the Mist^is- 
tippi- 

f>^v»rii/iii r'»fk- ar»^ -Jpar-Mriy rtrpr»-*enleil in the eiiiitern an* I 
riorfhf;)f<r.rrri p'trtjori!- •>[* ^n«- -►tattr. Neither the thicknet^tf or 
ar#?» M niiywii#-r»- i^r^-at. A tVw i*H»iateil patches are found 
HU\u\^ the Mi»<-*<*uri river. **i\ the north siiile. In the west the 
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*it ' •>»•.-*'.*« r^t: >>tkt\ *L* ♦ ..'t:rfftT-.:ir *s«uni^l. 1* liiu'T 
^vr * *-'' v.-^«r*i *ai»^. ^»T':i»rt ♦ . «TTJit:ix «"» niM*^: -Himit:, 

tuvr*'**^^ ' :i#»^--iif^ - r X#r • iTArr. -{a^p- jurt Ti»* I*^»«;*r * .tr- 
-^»» tTi* '-:*vH'*^i ■'f*^r ^'Ut JT^nM z se- :F>*TtjrtMfc«'?TL •**nm^ 

•fc#? .u.:f«^r*'nr. .'•Mrmationi* -♦mr«iintt 'ae .Vr?aeftjr TUf^f*ifi- :n a 
•ni*^n .nit .ft^n '^ti-^^iL .mti • u»p r? j mi l **rpr»i nmet^j. It is^ 'ir*-!! 
-•rjfvfi ftp 'r»f»ii:r,i?»nn vi:ii!fi infvai.rHi mii Tce ntaewnrthy 

iin 'i • r.»? jTloftfi rauHi :,HV«f i.'fr'»-n .i >rrT --xienHiTe ••ne. At the 
'♦•arnnmir, il» .^^awt. r ^tt-^UHuXy •>pnf»ti 'v^u •erond the •^tixU" 

iii'.4.. iC-t '.r:ifi fiHi <nf.i::i«:» aff It '-nrs^nc indeiinable. but. 
■-•iTii III* .;>#•» mat 'fi#r .-'•nKir it "ae r»r«r**nt and mur^c origi- 

HI*; M»v#- /.e^n .i#triVitrxi . ri .ir:f«r j»urt :*r'*iii thiri?* prr-**xisting 
\rr-Uf.At% "H-iiJf, rift r:»M««« -xpo-^cti -.» ieniidnciun must liave 

Z/^** \hitnth:t'ft$ f'lto. — iJ»^w»r*r ihe •-nti »»i* tae Al^*nkian era 
: \\t^ \^r^l^$'Au ,.iii<l -ur!' }!<!♦- ' r Mi-«t«niri WM»rnurtriy submerged. 
.V»t/'!ji<T OiiH r'UHiiti'iii '.vm- T'-aviieii •Liirinu the iate Algon- 
^ \:i\\ i.r •iiir.fiK ? lie 'ritriy Alg<rrikuin .vr '\t*t Miiabie to :*ny. 
I'r'»t>^»»lv »iifr*r .v«n ,4 ^^rftiinai .•>wrring, *urii that complete 
-■'Uifiif ri(«Mir»- A'«H nor jMrroiuiiiiHued till t^jwards the end. The 
' xU'ux r*l' U\t Ai^onkiiiii <ie]K»:fitiim \^ unknuwn aud undeter- 



minitblf. The only o(in*iiderahW- c*xp<^isurc' «1 prr-wnt \% Ihi- 
fjunll patch on Pilot KT><»h. Pf>«;ihly, rorks of thf Kumr for- 
m ml ion iirf repr<**ient/»d under the «nrrt"»undin^ Piil€H\>:oio hod** ; 
of this, bfjwever, there if: no pofiitive eviden<v. exo^ptin^, fK-r- 
hftp«^, in tlie record of » dwp drill hole put «iowii at R*yt4>W7i, 
«iOutfa of Kanfuifs CitT. Here the Kji«^ of the Palcn^xoie r«>ekk 
wafi reached at a depth of %\^ ft., and helow thi* :^^ ft. of 
erystalline rocks were penetraKni. A spocimen of thi* <N>re 
examined br the writer, i? a hijrhly mioaciou* ^h^M^ <*ivn\- 
posed almctst entirely of black mica. It i<» ditforent fr«^w any 
itKrks found in the Archean of the southeast and ii* motv Wko 
rock referred to the Al^nkian elsewhere. A drill hole at the 
St. Louis Insane asylum 3.60t> ft. deep, one at farthaiTi^ about 
i,000 ft. deep and one near Sullivan. Franklin county, al>out 
1,200 ft. deep, all reached crystalline rock. In the ftrnf, 
the rock is reported by Prof. Rroadhead to have lieen i^ranile : 
in the second, Mr. J. I). Robertson determined the niHH^imohii 
to be porphyry; in the third, drilling examined by the writer 
consisted of pink feldspar and quartx like tho«e of (he Ar- 
chean granites. These last results, theref«»r«'. are oppimed Us 
the existence of Algonkian rocks at the rei»p«*c|lve localltleii. 
though such may have existed there in the pHut iitid have 
since been removed. 

The Cambrian PeriotI, — During the Cambrian perlcul. Ml« 
^)\XT\ was probably a land surface, at leaat hi large part. Thl« 
conclusion is reached: first, l>eca use there art* I'lther f»nly a 
very limited thickness or no rocks of this age In th** atate; 
and second, because there Is evidence of a very great i*ro«ii»ti 
between the Algonkian era and the Silurian \H»tUH\, During 
this interval all but the small Pilot Knob patch of Algonklati 
beds were entirely removed and the underlying Archean gran- 
ites and porphyries were deeply trenched. D l» to thU dat«« 
that we must assign the original aculpturing of th*' hill* an<l 
valleys of southeastern Missouri. an»und and l><'tw<«<«n whl<*h 
the Silurian limestones are now sprea<l. To hav*' fffxli'd thU 
great massof resistant Algonkian and Archean r<^'k« nni«t <'<'r- 
tainly have taken a long i>eri^xl. «'ven g«'o|r»gjrally vt,uu\t\%*fvt\. 
Ponblj, this elevation and erosion may havi' tx'gun w«'ll ba«'k 
in the Algonkian time and (lave continu^^i through th** ^'arn- 
briaa. This would make the maint'<'nan''<' of th«' onu^UWnun 



»»f eiut-rgfUi-f «iiill lonpr nuil wmild m«kf tht* Hlnio^t coni- 
pleu* rt'iiioval «»f ihf AlgMiikinn IhkIj? more rvudilj understCKKi. 

I I i«i. howt'VtT. ixk^^iblt* thui thiji I«nd t-urfaef was onlj about 
ttu* St. FrMUcoiti lUMuntaiut:. and tliat Cuiubriaii beds n(»w 
fxii^l in the dt*i*p ba:^in&^ away fn>m here, e^^peciallv to the 
northeast. Of this^ we have no lot*al evidenee t*> present, how- 
ever. 

7*/ff Si/uriuM i^ifriijil. — Karlv in the Silurian, or po^^^iblv 
U-fore the t^nd of chf ('anibrian. well nigh tlie whole of Mi«^ 
s^»uri miic^t have l>een subuierii^ed and the depoi^ition of the 
rooks of the Omrk stagi^ was begun. Before the end of the 
Iwi>wer Silurian e|HX'h it is probable that a re-elevation took 
plaoe. exp«M^ing a large land surface to erosion. We conclude 
this because we are t>f the «>pinion that the Trenton and 
higher Silurian strata never covered the whole Ozark area. 
There is no |>ositive evidence of their former existence there. 
The absence of any remnant or outlier, and also the absence 
of these r«H*ks betwei^n the I>evonian and Li^ver Silurian for- 
matit»ns of the extreme southwest are InUh facts opposed to 
the idea %\i this extension. The same appHe« to the Crrstal 
f iiT sandsti>ne, though to a less degree. Litholofneallj this 
ftxrmation has mon* the character of a duvial or estuarr de> 
pA^it than of a wide spread sandy stratum. The iow $truc- 
zas^ «\r fal^ie betiding fret|uently exhibited is in harsaosny with 
akU iidea. The unct>nformity with underijiii|i: sviek^ exhib- 
lo«h4 as many h^alities^ «hows that an ero«loB pera«id fm*eeded 
i.ru ^fte'^ition 

As (l<tt^ end of the Silurian period most <^f iio^stftieaiii ]ii:$)$«wiiri 
«i? 4>! a;t*f Oiark uplift was, without mu<rii doialtt^ mie<l jiV»re 

//V»< jM'^'ii'Hit^M I'trioil — appears to have bMOi^efiiiHiiitaaulIiT •04Be 

III oimtf'^f'iifH' in ^«uthern Missouri and tA ba^(^ 3feaiBadiiM<id i^> 

£hv*ni|;Stiiiui A* with the Trenton and r|»}i«ff "S^hnaiuii i^intaau 
llMTH ^^ m. pt»»;jiive evidence, in the nat^ure irf fUiDiwirs •&it vt^ 
aHitiitt^ piuduft*.. of the former preseiKie of I^nvtiwiaai i^iJick'^ 
o\.ii Li«i (.>>iurk>. Along the western border irf libe iijiiiiiiu nine 
loMiiitiioii ih wtM» nbsent between tbe Ocai^ ^^^^ 'rf ^ifa*- 
Lo*\iri Mhii'uui utid tJbe overlying Low-er OarbraidttewHt*i«iriia2iiu. 
wuli t))* i*.Ni:i^)itu*i: ^.>J' where the Eureka sihikiecMnii«i» in. imll'r- 
l>i»iiiii4l •;iinnM . ^iiuiiarJy, theT are abaeoiit ikknig 3ii«iitr '*<i ub^ 



eastern border, while al«m«j the northern border they tKTur in 
limited patches, as if tilling estuarr-like depressions in the 
margin of an old land mass. This, therefore, we also elass as 
a long erosion j^^eriiHi, during which the Ozark rocks were ex- 
tensively denuded and perhaps even base leveled. During 
this interval the inet^ualities of the surface were pnKiuceil 
which caused the oft observed unconformitr of contact with 
the later deposited Lower rarhonifeiy>us beds. 

The Lotrrr i'tirhoni/eron* Epoch. — At the beginning, and 
p<»s8ibly before, the waters crept in over the uplift, seizing 
hold of the insoluble pnxiucts of sub-aerial decay of the Silu- 
riaD rocks to make shales, sandstones and chert conglomer- 
ates, filling in great erosion depressions with these and dis- 
solving the lime to assist in the formation of the Lower i^ar- 
boniferous limestones. This movement continued doubtless 
for a long time, though at a very slow rate. From the fact 
that fragments of Lower Carboniferous chert are found over 
the surface so far into the interior as Howell and Crawford 
counties, the waters must have reached that far. Whether 
they extended beyond this, to the Archean area, is doubtful 
No remains of these rocks are found there. It is prolmble 
however, that estuary-like arms from the Illinois Carbonif- 
erous reached westward into MisBouri. 

It is further probable that the submergence of the central 
portion of the Ozarks did not last long, that only a thin 
stratum or somewhat isolated patches of rock were formed 
which were quickly and readily removed later. The mass of 
the rocks were doubtless deposited around the flanks and ran 
out to a feather edge toward the interior. 

Well before the end of the Lower Carboniferous the uprise 
began and continued, probably, until almost all of southern 
AMissouri became a land surface. A long continued period of 
emergence followed this, during which denudation must have 
been very vigorous. The surface became deeply trenched and 
covered with residuary materials. This caused the unconform- 
ity of the overlying Coal Measures and supplied abundance 
of material for the f ragroental rocks which are at the base of 
that series. 

The Coal Measure Epoch, — Early, probably at the begin- 
ning of the epoch, a renewed submergence and sequence of 
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f vrntu (ofik pificc*, similar to those immed]at€*)y prec'eding the 
dopopjlion of the lx»wer Carboniferous roeks. The wat-er^ 
All^Nlt) ovv\y\ inlaticl and upland, availing themselTes of the 
prtnlnetfi of f>nb-n{^rial decaj for the making of new sediments. 
«uoh np »«hnlf*p. sandstones, and chert conglomerates or boulder 
l>f»ds. Those soon fllliKi the depressions and spread themselves 
<»vpr thr surfwoe. The submergence probably did not extend 
so far inland its that of. the lx>wer Carboniferous epoch. It 
yf^fk^ d«»Mbtlrss, however, well beyond the present Coal Measure 
war^rin. t>Mtliors and coal pockets in the interior counties 
indicate a wide extension, but some of these could have been, 
and |>iN>bab]y wc^re. formed in inland lagoons. That they are 
^on^ptimes surrounded bv Silurian rocks shows that Lower 
Carboniferous or other intervening strata, if ever present at 
«ueh poinds, had been removed prior to the C<^ Measure dep- 
onilion. Thii^ e|>och, though one of HuctuaCiBg movements, 
wa^. on the m-hok-, e-haractr-riyx^d by a ^dnkiiig of the area sur- 
rounding the <>5Mirk nplift. A rc^versal of the movement, in- 
aufr^^'^^ted the Mesojfoic. 

11} ^ V**srp^of'/' )^;^v/.— With Thi^ t-ru we have litUet-o do. No 
voi-k«< o1 rhi»s fArmalioTi ur^ rr*7rw*s<friTed in t^H- fOate. At the 
h^^innin^. «11 of MiiasrMiri wh^ ahr»A«e -sea level for the first 
tim<' nnd hfi*^ ^^onlimred 'Sfi vvt^r -sincf. with The -exception of 
th« Mi«j^ii«sippi ^mhaymi^m.. Thi<- t^ru w- -noteworthy, how- 
. v«i\ H^ mMi-kin^ thf ho^inninfr of the 7ir<»«»ni drarnage sys- 
r«'ni Aj rhf' ^tntf'. f^cn^tnfftru. fluriufr vhtious uplifts, a radial 
f^rf^i nHf?<' from rhr /vTif-fM- f>f thr linnn- wit*^ undoubtedly de- 
v«*!op«Hl. to hv ohlft/»mf4»il with i^wfh -sucj^eedhig -suhmergence. 
V<\t}\ thr povt < 'HrHornfurfMrs ufilift. thf' IWhwwfliEppiTalW was 
•fiitjt f?«-fin<Hl. RV h r^nft of th?- ('inrinuiiti und 'Chmrk ujilift*: 
*»It;k fh< Mf«^oHri r\\u*v viillev fippeiireil itt^ the Tesuh of these- 
^n/< ot fhi MN^^nn^iii uplift. Th« presiint ih^iinage began 
-*-:♦», *, fn^lHil (Ift^ of WHtor frnm thf ceitt^ir of the 07,aTt*^. 
*i'^^r.r- r,x tifju Mr< ^afill ^<^<Mi 111 th( df^trihution of tht"«treain> 
... ^^,^4 ^^,^., ivt th< h(H»i'nii!H£. th< IMwouTi Tiver wih- proh- 
, i,^ ,^;, -♦wliMi^MftMrv. iN h*^wcl hoi»H: ^vl^hln. or tit \mmi n(»i 
, , J^ i'.,^M«w| fh< ^r<»^t<»Ml honl^^r of the -^tett;. This was 
*#• — ♦,>. ♦. ♦Im'W!* >>nr>»i Utir< ^^xHt^il iti \Tet4WTli IMiftsrujri or 
•. .* .i v.*..->r.a Krvimil xvhi«»li fh< >v?it«*r> HoxTWtl wc*itWHTiI int<. 



trtnchinz- l*-<i sr-.li«:ur:ii£: unci siiKatTiHi iitH»«v i>ri*hjiK% 
<'ontinurU well inr-> thr Trriiarr rivK*!.. Tlirn, with ihr u|*- 
lift of tfat: wr^tem r •jnirv, ai stvuX chuj\Qt^ in \\\v ^ir»i«JMf«' 
tfi«»k placir: diride^ wt-rr irnnsffrrtHl wt'StwanJ \o \hv K*K*ky 
mountain^, and the Mi>>i»uri river nr^sunitHi somoihinj; of its 
present prr»pi'»rt:on$. It was pn^hahly s*»nu*whrrf about this 
time that thtr partial t»ver-flow «ir pr^at risr of ilu- wairr> M 
southwestern Mi«s*»uri UH*k plac<\ prinhirini; tht* dr|H^sits of 
gravel which are fi»und alonp Spring river and «^ther s!rt»aiM*, 
All of the Ozark area proj^er. however, e»»ntinued above water 
level and has. since that time, been snbjtM'ttni uninternipu»\Uy 
to denudation. 

ConchtsioH4f. — Amon^ the more important facts brou^jht out 
in this sketch are the long peritnisof sub-afrial decay to which 
the Ozark area has bc-en subj€^'tcd, es|H»cialiy the one siniv ihe 
post-Carboniferous uplift. The surprising thing is tliat the 
whole country has not been ctunpletely base leveltnl. Changes 
of level have doubtless prevented it in jvart ; but. in addi- 
tion, the comparatively gentle sl*>pes and tlie K»w altitudes 
and the absence of glacial action have supplenientetl this. 
The residuary products of decay have thus accuniulatetl over 
the flat surfaces to great depths and they have protectctl the 
underlying rocks. The limestones, it is true, are not specially 
resistant, but the associated chert beds have shielded these. 
Further, from the fact that the climate was not arid and that 
the country is not and has not been at a great altitude, the sur- 
face has been well covered with vegetation. The declivities 
of the larger streams have not been great enough for them to 
corrade rapidly. To these causes we attribute the lasting 
qualities of this region. 

The earth movements which took j)lace were apparently of 
the nature of great pulsations, alternately raising and lower- 
ing the surface. Along the eastern border, a sharp(»r mono- 
cline was developed, as is exhibited in the comparatively steej> 
(lips of eastern Ste. Genevieve county. This feature aiM'ounls 
for the greater declivities of the streams toward the east and 
the proximity of the divides to the Mississippi river. The 
presence of the Archean rocks so near the surface hen*, doubt- 
lesj! had its influence in locating this flexure. 
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lint?s. antl wztt •-■a'r lain^Jin' pmri.*, whirh. iii iht^ lyj'^-s.jvv^i- 
men, ar*r lanir/.j i'-.K::!K^r»i<-x5 i. ts^vr Tii^r iht- i mis xihrtv- 51 
number :.^f -c-^irs*- f-uri*:* *tx- s.. jirrsTi^^i jis ii^* OiMrisiinato ;ii 
narrtiw ami !RdT:-"iian«^'v V-undixi mMi;»rv ^oiit . 

•outline of ih<- ;^>t, a> virwt-ti fn^m alv*vt\ j>i\'«^ni> i>*x> ir)1l)t^^ 
concavities st-ffcArai^ni bv * hrixstit-rtVMnoxjty. Uotwtvn o5lh^r 
anteri»-latera"; ansrSt* and iht- jv^sN^rior ansllo of iJu* >»nio sui**^ 
thf oiiiliiif pr^'Srnl* a Un^.id »iui shallow oo«i*avilv whioh ouT 
minaies opp^siit- ihf anterior part of the |>ostorit*r r\»\^ of 
plates of that interambiilaora] tieiii. The Inmom of the test 
is not shown in the ty|M\ ami the posterior h«^nler i< iui|H^r- 
feet, so that the exaet form of i\\v latter and the exaet |vtwi- 
tion. ote.. «>f the peristome and peripnKM are unktit^wn. 

J/f/zx^/rewM /#/.<. — Lenjjth of test 105. hreadtli SJ<, hi^hl 
(approximately) S— 10 mm. 

OrcHfretirv. — Preservetl in a eoneretion weathered out of 
the arenaceous shale of the Fox Hills division of the Oetn- 
ceous, on the east slope (»f Shook's Kun. on IMatl avenue, t'ol- 
orado Sprinj^s. Colorath^. 

The specimen was collected hy Miss Anna lletherinfi[ton« 
and by her kindly presented to the writer, who isalsoindehted 
to Prof. (^eo. H.Stone for his first kiiowledjje of thetiiul. 

The writer believes that the p'uus Srnftthtttftr may fairly 
be regarded as a syiithetir, <»r f/vnfrdtiztii, type from which 
have been evolved Srafrfirt 011 the one hand and ('fi/f»t nsfrr on 
the other. 



FURTHER OBSERVATIONS ON THE VENTRAL 
STRUCTURE OF TRIARTHRUS. 

Bv Charles E. Hkk( mkr. New Ma\<n. ( t»im 

(IM.ATK'* IV AM) \ .) 

In previous papers on the ventral structur*' of I'l'iarfhrns, 
the anterior antenna*, thoracic lej^s and api)endap'H of the 



1>^ The Amei't'i'tm Gff*hnjiHt. Febmuy. 1895 

py^flinm have be<*n <1esf»ribefl.* There ret remain for inves- 
tipfation the appencUf;e<4 of the head unci additional detail«» of • 
other parts of rhe animal. Tliese (►haraeters* have not been 
easily obtained on aecoiint of the labor t>f removing the rock 
from r^wch delieate :^tmetnref». Moreover, but few <9pe<*imen^ 
are in the proper po^^ition or ••ondition to vield satisfaetorj 
reoiiltfl. The appendages of the heail cither lautferetl greater 
deeompofiition than thofle of the thorax, before mineralization, 
or were i^o teniioufl as to be eai^ilv obliterated, and are now 
seldom s^uffleiently well preserved for :«tudy. Further, the 
number and compact arrangement of j^ueh complicated organs* 
even when present, make it dirticult to trace their preci?ae 
form. A -similar ditflcultv would be experiencetl were one to 
endeavor to describe the appendages of Jpw^r by examining 
the ventral side without cutting away !<wme of the limbH or at 
least unfolding or bending them around. 

The features described in the present paper have been ob- 
tained by further work on the material secured for the Yale 
Museum, by professor Marsh. No detailed review of the 
ventral anatomy of Triarfhrtts will be given at this time, only 
such additional characters as have been observed sim?e the 
publication of the last paper on this trilobite. The precise 
structure and relations of the organs here described must also 
be left subject to slight modifications required by researches 
which are still in progress. The writer has carefully prepared 
the specimens and made the drawings from camera lucida 
outlines. The appendages, however, are often S4> faintly pre- 
server! or so obscure that in order to represent them in a pen- 
drawing it is necessary to emphasize their limits and their 
prominence, and this may sometimes lead to errors of inter- 
pretation. It seems almost unnecessary to state that errors 
are not due to any preconceived notions of trilobite anatomy, 

* \V. f). M;if t lii'w. — Oij Ant»'nn;p Hn<l oth»»r ;ipf)»*rHi;i*?es of Triarthrus 
\W('k\\ N. V. Ara<I«Tn\ of Scipnr»*s. Ma\. liW'i: American Journal of 
ScH'iKT, Aiiirnst. \h\)'.\. 

<'. I), Walcoit - Note on si)mt- ApfK'iidaires of the Trilobites. Proc. 
lilol. Sor.. Washinjrtof). March. iSDt. 

<'. K. l'.«'»'<h«T. On ih»* Tlioraric \.*"j:^i)t Triarthrus. American Jour- 
nal of Sci<'rK-»-. I)*T»'mh«T. IHIK{. 

. — (),, tli»*m<Ml»' of Occurrpnc*'. ami the Structure and 

l>»'\»|opm»'rit of Trinrihrns Mt-eki. Amkkk an<Ii.:<>lcmu>*t, January. 181M. 
- - -- — Th«' .\f>i>*'nrl Hires of the Pvi^iiliura of Triarthrus. 

AffHi ioiii Journal of Srii-nre. April, iSDt. 
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since from the beginning of the^e investigations it has not 
been |X)ssibleto predict with safety the exact form and de- 
tails of any of the appendages. Even their presence has been 
more or less doubtful until revealeii bv a fortunate discoverv. 

The paired appendages of the cephalon will l>e taken up in 
their order, beginning with the most anterior, next the newly 
observed characters of thoracic legs; then the organs in the 
median line, the hypostoma. mouth, metast<»ma and anal 
openings. 

Close observation of the specimens thus far prepared for 
the purpose of showing the underside of the head fails to de- 
tect more than five pairs of appendages attached t*> the ceph- 
alon, apparently corresponding to the five typical limbs of the 
crustacean head. Considerable difficulty is experienced in de- 
termining from the ventral side of the specimens the |M>sterior 
limit of the cephalon. The ventral membrane, which alone is 
usually visible, does not show marked evidence of segmenta- 
tion, and the observer is guided chiefly by the margin of the 
cephalon, the extremities of the pleura, and obwuretransverw 
lines on the axial membrane. In a few eases, the evident 
hiding or displacement of the dorsal and ventral surfaces 
further complicates the attempt t^» ref»'r the appendages t^» 
definite divisions c»f the animal. 

A utet'ior <uiti:nna\ or ontriutiiftn. These have In-en descrilK*d 
by Matthew, Walcott and the writer (1. e. ). Walcott showed 
their proximal extremities and their uHKle of attachment at 
the side of the hypost^ima. Little more can now Ix* added ex- 
cept that they are evidently th** fxr^i pair al antennal organs, 
and corre6pi>nd to the antennules of other Trustaeea. The 
!*trong basal joint or shaft is shown in plate v. figures il, 10, 
11, attached to the ventral sid«' of the head at eaeh side of 
the hypostoma. near the middle r»f its l#-ngth. The shaft car- 
ries a single flagellum. and thus agn-e« wiih the typical uni- 
nim(»s*- antennule of the naupliu*^ rif Crustaci-a. This simple 
antennule is still present in the Nopoda. as in Motuiiiopfig 
f'j/tira. The flagella curve forward and a[»proach. nearly 
touching as they cross the doiblun-. Heyonil the limits of 
the heaii, they are variously dispfised. though usually extend- 



■'•T !*■"••«•■, r, I ,r I'lrcf 1 1 i v.-r-i-in^ :* ■'• =..*if r:i»-fr -n-jin ina 'Hen 

A«' !?«''••■•'■• »■ iJMm I »♦>»•-. .if r h** 'i***'^'** j»re^»*nr \'«*rr -ijiirGt ♦ Li rfer**nce*i. 
\r .- -n'^* v>*-n ^\\^ :.nnntiv»^ mil ?-miniH> ••nriion^xtoii* i-tr? "t* 

-hf* iV2'i<'''i""' 'T '.mnHrfift vi^h rh«» nnreri'tr riit»nii-iir"r u*- 

r»h?ti»»' 1 r»ri»--.<ir^«jfi"i * WhX ■ :iri.ir;ofi:i ♦•r :;nrt- «*:in :>♦:* •h'^^rT^Hi. al- 
^ln.i"^ji fhfio ,r»- .r* -'.irn^ ,nii nor .f -rni«-r!ir>». * »n rhi-^ ir- 

.,i^r.-*r, n:t* .,|:^ pii j Ihpv. :nax;;l;**, .aaxiiiioefiss. '!it»ra4ri«», ind pie- 
• )pr?r|>*i J r>f If 'ml ;!«/»'<. [r ;-i !:iM«ftr ••f^nvenIen^. :her<»tVtre. "«"• iium- 
s^r -h^rri '»•' -ni »ffi»n'' ^«<*k'.rarrTs. ami ro 'niiioate iioni(»i«>sro»i> 

fjf»?(f -Mji^a/^n :*'»r -'» 'loins. 

'fl,M ,AfM»nH ,'>;iir »t ippf^ntlaire^i. Mirre^pinuiinij ^*' nit^ po>- 
tfrinr .'inr^-nnj*-. an* itr^rhe*! :*> rhe head at --afh '^idtr •»! rhe 
:/l«b*^llji. .»n :• lim- -.rjrh rli*- **xrreinity '»i* rhe liypo?»toma, Tliey 
ir*' Mppar^-ntlv ^iramoiw. .mil 'h!is ae:rpe with rbe «ieiv»nd pair 
iff iRiiplian .intlH ;in<l with rh*- 'ypi«*ai p«>^*terio^ antennie ni 
;i?^ny Entfimn^rnifii anri Mnlai'ij-atrara. They may i>e <Mira- 
pfir^ff A'irh r h»- p«»'^r*'rior anr»-nnii* in Et'fttiii*iH»>t r,tffft*t'u/ft,nnk' 
of rh^ -"'hizopod**. ••**per*iailv vvith rhit F'n'fftitt Lintl f ' itr^f^i**" 
jt>i^f^, Th*' «lHf;uU of rh«* t-niiopociite and '-xp^Klite ar^* not 
^•l'*''#r!y -hown. Vh** I'ornipr !« in«»rr' ••ommoniy pn^*H*rTf-d. anci 
if-* di^tHJ ;oi?)t '^Nrf-ndj* in?»t b«*yond rhe tniiT'* '»i the ♦•arapare, 
Th" ^'Mx-opodit*' iw (l»>v«'ioped into a rriansrniar plate, rlie inner 
an'^W* ^'Jirryinir a niH-afipatory ricti^e. rhe wh«»ie extending about 
tlir*"- ro!i!'th« rh*- rli«ranee from rhe -iide of rhe ixlaheihi to tlie 
ifH-dijin \\\\f\ jiKt Uelow rh«* hypf»«»tonia. and dirrM'ted«»biiq!iely 
l>?K»ksv:ir'N' ' phit*' V. fiiriirc'- ^-11 ». 

jipp*-ndHjr''-j hen* r'.,rre!ar»-ri wirh riie inandiblt-*^ are immedi- 
atflv behirifl rhe tir-^t pair of biramcMir. limbs. The proximal 
p<»rt if)n. or <"o\-Mpf.f|ir<-. is similar in form ro the pre<*edinjj:. 
rhoiisrh "iomr-wliat -sinaller. and overhipping it-* ba&al part. The 
palp*. "T ('\)(\f\]^<\(\\\\\ and ''Xiipodial branehes. Iiave not been 
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Ui>tincTly tracked, though thi'ir presonco is iiulicatod on pinto 
IV. lijjure 1. where, on the loft side, there are endopodite^ and 
exopiKiites in snttieient number for eaeh «ppen<l«jj:t* of tho 
head. That these should bt^ referred to the eephalie limlw lA 
further indicated hv their heinj^ in advnneeof the end«>podito» 
which manifestly pertains to the first thoracic sej^nient. Tho 
inner etige of the mandibles as well as that of the other jjfnath- 
ohases of the head is apparently finely denticulate, as hhown 
nn plate iv. figure 1, an<l plate v, figure !!. 

Thii'ti ftn*i fiitn'ffi hinnnaHs dp/it tttfotii s, nr iiiiixi//tt\ Fol- 
lowing the appendages referred to the mandibles are two pwlri* 
of strong limbs, with broad ]>late-like basal portions, or coxop- 
<Hlite«. serving as gnathites (plate v, figuri'** S.ll). They 
rt-semble each other, and are similar in form to the two pre- 
ceding limbs, though somewhat larger. TIu'V an' UHually 
fairly well preserved and their form and sirn<Mure can be ap- 
proximately made out. 'i'he endc»pc»dites are cM>mp<»n«»d of 
^toiii joints, and could be exteiuled but a short distance bo- 
yond the margin of the head. Tlu» exopotlites are more slen- 
der and carry an abundanci' of still' seta*, whi*'h c»ften iliverjo* 
in a fan-like manner from their line of attachment. Thene 
brushes of seta*. occupying the caviti<*s of tlu* eheeks are often 
preserved in specimens wher<» the other detaiU of the llmba 
are obscure or obliterated. In I'riurthrun tliev are evidently 
homologous with similar brushes observed by Walcott in 
i'tihlinene,* 

This completes the number of paired ap])eiulages which call 
be definitely referred to the head. It is evident they do n^it 
differ conspicuously from (»ach other, and. aH will be presently 
shown, they closely resemble the thcu'aeie b»gH in all esMentiiil 
structural characters. 

Thf»r(n:ir letjs. In the paper by the writer ( I. e.) deHeribinf;^ 
the structure (»f the thoracic legs, the en<lo|HMlit«**^ and exopo- 
dites of the second and third pairs were illn«trated, togi'ther 
with their points of attachment. Tl.<' form <»r the <'oxopodi(e, 
or basal portion, was at that tinu* unknown. With thepresi^nt 
material it is possible to add »ii'V<-rMl th'tniU. TIh* nio»*t im- 
p<»rtant are the inward prolongation of tlw ('ii.\o)»odite of each 

*Th«* Trilobit**: N«*\vaiuH>Nl K\i<l«'iir«- ril.iiin:: i«» lU Ur;::iin/:iti(iii. 
Ituii. Miis. Comp. Zo<»l.. vol. viii. S**. |o. Issi 
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limb towards the axial line, forming a gnathobase, and the 
progressive development of this member. First it has a slen- 
der cylindrical form in the posterior half of the series, then 
becomes flattened and denticulate, and finally widens, until 
on the head it forms the triangular plate-like eoxopodite, with 
masticatory ridge and functioning as a gnathite (plate iv^ 
figure 1 ; plate v, figures 1-4, 8-11). 

The large basal portions of the limbs of Asaph its, in the 
specimen illustrated by Walcott (Science, March, 1884). are 
evidently the gnathobases, as will be seen at once from a 
comparison with Trinrthnts (plat« iv, figure 1). 

Organs in the median line. 

The hyposfoma. There is nothing peculiar in the hypos- 
toma of Triarthrns. since it presents features commonly found 
in many other genera. It is longer than wide, and extends 
more than half the length of the head. The posterior end is 
narrowly rounded, margined by a slight doublure, and often 
presents a transverse elevation near the apex, as shown on 
plate V, figure 9, This may represent a corresponding hollow 
on the inner side to allow for movements of the manducatorv 
organs. 

In considering the exact location of the appendages of the 
head, it must be understood that in their present pos^itions 
they are probably somewhat displaced. During the process 
of fossilization the whole inner tissues of the animal were re- 
moved without replacement, allowing the ventral membrane 
to come more or less in contact with the under side of the 
dorsal crust, and thus causing some stretching of the mem- 
brane and consequent displacement of the organs. The hypos- 
toma, being more rigid and attached in front to the margin of 
the head, doubtless was not shifted but dropped down into 
the cavity of the glabella. When raised to its natural posi- 
tion it probably extended a little over the mouth parts. The 
fact that the mouth and lower lip dt) not come opposite the 
organs correlated as mandibles may be due in part to the un- 
equal stretching of the membrane over the uneven inner sur- 
face of the dorsal crust. The extended gnathobases directed 
obliquely backward and lying in the axial hollow cause the 
appendages to appear as though originating further back than 
is really the ca-e. Nevertheless, the posterior position of the 
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faeeond and third pmirs of appendagpe*. <»r tin- unt'eiinje und 
mandibles, with respect to the mouth. doe«i ni»t offer any fseri- 

OU8 diftictiltT. A*5 shown bv Lankester.* ibev were doubtleM 

« . • 

originally post-oral in the Crustarea, as i?i indicated frooi 
their innervation frc»m the ventral nene gangrlion chain and 
not from the archicerebrum of the pr<»stoniiuni. or cephalic 
lobe. Besides, in the embrvo of JL/i**^^'* all the appendage* 
are post-oral. as shown by Packard.4 

The Month. Although the opening of the mouth itself has 
not been obsen'ed in Triartkr^tt^ there can ^mt little d(»ubt 
as to its exact location, since it must have l^een ^ituated in 
the median line between the hypc»st<»ma and metastoma. As 
both these organs are quite cl<»Mf together, the place of the 
mouth would be as indicated on plate v. figure 11 m. Further 
corroborative evidence may be had fr^»m the genu* (Vf/ywtrne, 
in which the mouth was determined by Walcott (1. c.) to lie 
at the end of the hypost<»ma, opening obliquely backward. 

The inetastomo. The lower lip. or metastrima. here repre- 
sented for the first time, is generally clearly shown as a con- 
vex arcuate plate just pf^sterior to the extremity of the hy- 
postoma. On each side, at the angles, are two small elevations, 
or lappets, which suggest similar structures in many higher 
Crustacea, and apparently represent the entire* metastoma in 
ApKM and some other forms (plate v. figures 9. and 11 tMCf). 

The anal opehi^tj. In tracing the intestinal canal as pre- 
served in TriH^rleuM. Barrande determinfrd it« posterior ter- 
mination to be at the extremity of the pygidium. and Bernard^ 
has recently succeeded in reaching a similar c<*nclusion, from 
his studies of Cal^meue^ in which the anal opening was found 
just at the inner margin of the doublure of the pygidium, in 
the median line. Plate iv. fi^rt: 1, of Trhtrfhrnu, shows the 
anus in the same pr>sition. outlined by a slightly elevated 
wrinkled ring. 

OhMerraiionn. 

With these additional discoveries relating to Tnarthrus^ 

*Obser\'ationR and ltl-fl*-ctjou^ on th*- Api«cri(iii^«-«i Hud hu ih«* N#tvoua 
Syst«*m of Apus cancnfonnis. i^unr. Jour. Mic. Sci,. vol. xxi. ItWl. 

fTh<f DevHopmeot of Limulu^ fif#Jvf»h<'inijK. M<fm. li<'St4jD Sue. N«l. 
Hist,, vul. n, 187^- 

^The Sysl#Mnatic Position of the Trilobit^-s. Quar. J«»iir. it*H»]. Sue., 
vul. u ItJW- 
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ilous appendages (8, 9). The general similarity of the ce- 
phalic organs of A pus and !/V««rifArM« is quite apparent. The 
most conspicuous diiferences, as the absence of normal endo- 
podial and exopodial elements, disappear in a study of the 
ontogeny of the limbs of Jptts, thus bringing these organs in 
the two groups into nearly exact correlation. 

There are, however, important structural features of other 
parts of the body, which are quite dissimilar from Aptta 
and the higher Crustacea, and the exact relations of the trilo- 
bite with any one group cannot be considered as fixed. Points 
of likeness may be established with almost every order, show- 
ing chiefly the relationship between the trilobite and the an- 
cestors of modern C'rustacea. 

SHmmnry of rentrul organs of TriarthruH, 
A pair of appendages to each potential segment of the 
animal, all of which are biramous except the anterior pair. 
Five pairs of appendages on the cephalon. 
Anterior ant^*nnje, or antennules, attached at the sides of 
the hypostoma ; simple, with a single many-Jointed flagellum. 
First pair of biramous limbs, or posterior antennoe, with 
endopodite and exopodite; basal portion manducatory in 
function. 

Second pair of biramous limbs, or mandibles, similar to 
preceding. 

Third and fourth pairs of biramous limbs, or maxillae, same 
as preceding, with large gnathobases, well-developed endop- 
odites and fringed exopodites. 

Thoracic limbs biramous; endopodite a jointed crawling 
Jt*g; posteriorly the joints become flattened and leaf-like; 
exopodite fringed with seta», and developed into a swimming 
organ; coxopodite with gnathobase. 
Appendages of the pygidium, true phyllopodous limbs. 
Hypostoma. 

Mouth between hypostoma and metastoma. 
Metastoma, a convex crescentic plate, with side lappets. 
Anus in median line, near ventral extremity of pygidium. 

EXPLANATION OF PLATES. 
Plate IV. 

TUIARTIIKU8 BRCKI GrCCIl. 

Figun* 1. — Ventral side of a largt* s()ecimen; showing at eachsideof the 
hy{K>slonia the antennules. with their single flagellum and strong 
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basins were lately <>ocupied by an extensive lake, which had 
its outlet eastward across the Nipissing pass at North Bay, 
Ontario. This extinct lake comprised all three of the present 
up|>er lakes, but its area was nc»t much greater than their 
present combined areas. It^ waves made a heavy and unmis- 
takable mark along its shores, and this abandoned beach may 
be easily distinguished from all <»thers and traced continu- 
ously. No other beach of that region has such a clear and 
strong character and none is so easy <»f access and identifica- 
tion. Its place shows that the water st<KKl about 45 feet 
higher than lake Huron stands now in the straits of Mackinac 
and 50 feet above the level ^»f lake Superior at Sault Ste. 
Marie. The connection of that time between laken Superior 
and Huron was a narrow strait, probably with a sluggish cur- 
rent, but certainly with no '*sault" or rapids like those of the 
present river. Since the time u{ this lake the lands which 
formed its shores have been slightly tilted upward t^iward the 
north-northeast, and its s^tuthwestern shores are submerged 
beneath the present waters of the lakes. As we shall *«ec 
presently, this extinct lake is destined to hold an important 
place in recent geological history. For it marks a transition 
stage between the present order of things and a time when the 
salt water of the ocean came into the great lakes through a 
''trait over lake Ni pissing, 25 miles wide and 5fK) feet deep. 
Dr. J. W. Spencer has already describcKl a pf»«tglacia] lake 
which r»ccupied the same basins, but his conception of its age, 
epochs and stages is not the same as is here set forth. He called 
it lake Algonquin. Following his usages as cb^ely as p<»ssi- 
ble, 1 adopt this name for the lake described below. While 
it differs in some imp4»rtant respects from I>r. Spencer's lake 
Algonquin, the abandoned beaches of the two l>eing entirely 
independent throughout, its outlets were the same and it will 
probablv be found in the end that this lake wasonlva second or 
later epoch of the same lake which he des<.'ribed.* I^ke Algon- 

* "Nottrs «jii ih<f Ori^rin ami Hi>ti»r\ nf th*- Or'-at l^k*"^<if N*>rth Ain»T- 
ica." by J. W. Sf»*ni:»T. Pn»r. A. A. .\. S.. vi»I. xxxvii. Ijv*h. In ihi* fio!#- 
at ih»- >>^tt«»nn iff |i«^»* \*M fl**f1iittit»fi> ar»- 'jl\*'U for ill** Mnri**iit ••I^iir»*n- 
'Jaii" and "Krijain" riv»-r>. aitil Hi^» f»»r Jak*"^ "AI?ori«|iiiir* arifl "Ir**- 
'l'J'^i>." I^W»- AI:roii»|iiin i* •l-*iii«*<l h* ih»- Hriri«iit •'Hiiron-Mii-hiiran- 
^u^-Ti.ir lak*^." Th»* n;ini»- "AI;r»»rMjiii!r* i< :tppii**f| ;i)v» lo "th- b«*arh 
whirh mark»*d if> flak'- Aiif'ir>«|iiin''*j **:•»:-'». himI tli»* riv-r whirh di-*- 
'•Imrzt^l ijs wat»-r> by ih»* Tr»-n' \i%U»'\." \U"j\uu\tt'j ••!! in*- (►r#M*.-ilii::^ 



/,*y»v ^v Til ;;•'". .■«4< .« 11.4 j»:' {:«o^j«rn ni '^ I '^ju*'' nil*' luitriii** i:!i'9{««=''Tri 

*» A ir .-^tH i«^. ^ .H^'i I i- -^ - * Sir av«-i.r, •• w itJ^n •« * ffi.; r !• »7'2: > ^mti i:; I^ - 3^ l • »n:: 

j»r*i-<'-^'-- >'• >* Ut>- ''f^JT*^*- '•"* 'l<*'" p«^«-»«^** pmyrr. »fi^ri!rF«: tra-- 
*rf^' iti:»' *<t^*'.ht)t%- ^\' t.u'^^ yupvm^tu^ijt i*"t*f fr a»r |H*»iatt- iarti^pr «*»utn. 
^•. j» #iP. i.j. -/-*' |iff«.4*rft* M.fkOj'WHKWi^*: ^Z iftr- wn<«r *fxten: 'kf ink* 
^\..i('#;f j-jt>.' ^s*r; r// U',. Si" itatP*'T *- >- ruffit kDowf. of tbir history 
<yf »t-' 1* >f/.H*-.{ #*^^r* fk^t*fni»iiU*p:. Jl«>«" •'>f tD*- lact^ referred t<» 
;»r* r ri»t;i»f»f^i if I.1** /<n»^*iriujr i^ri<f*» of u«rfl*criptiT^ artiei«**i, 
wf$»f'f. f*t* ^»v*rr. ifi-titv. if. tii»- orurr ^»f liieir pubiieation and 
ifi(. f/< r*'#*'frw) t'- i»*'r*rafi*-r in n^jmber. Tfat- map^ iprhich 
^rjf^thp^uy ti»«f*^ p»p^r- *ij#>%i ii»«- ci^rtaiifi deeeribed much het- 
t«r Uf^«)i th' oil*- %rh»''h iliufttrat^- thw article* 

j/..><' »• /H- ♦»' ' «/>»ir '/ 111' Oi^fi»»'rniH'rfii**ni of *'iak*- \Varr*»ir* and of \h* 
»''/iii.*«J»'»i. <if jH»,' Atv'in»«|iiij w III! ii-* Tr«-iu \iill»'v (iutt**t. Evitl«*nth 
lif .">!#*• «»' 'f <lM) iMii h.^^^tY. at tfiH' liBi* of 111*' abaiiiioi»(><i riv«'r mitlvt h\ 
ii»» .Ni|#if»««ii»t' pan-. ii«irl ti*'MMi oT (j»*or:riafi b;i_\ . liiii h*' has sine*' r«*r<»::- 
iii/y«'<l till- li*<'t, \Vl»*-i. w« <i#ifi«- to (JiM'tiH."* ill HiM»th»*r imiMT tliv r»*lHtioiis 
mI ti»< liitrii»r »)mm< tiiif-^ of til' tif>|*^r lake's i I will )>*' kIiowii that lak*' 
AiiroiMjuiii lia^ |»n*l»Hbl,v ii»i<l I »o Hisimci ami K**|Mirat4- ♦'Ihh'Iik t»f t*xist- 
« Hit Ifotli til tMisi^r|;icjj|| tiriH . aiul lh<- AI;roiiqniii bf^ach. extt'iidin/cr fn»m 
ii« .11 I'ori Huron to a (mihiI iiorlii of Kirkfl4*itl. (Uilariu. wht*r<> I>r. S|M'Ii- 
1 i-r f* iiui'iii^' c«a.s<'il. i.s |»robai)l> fii«'r«'i,\ a il^^fornuHl (»r«'b'VHt»Hl sht>rv-liin* 
of thi liini t'\Hrt'\\ «»f tli»- lak«-s 4*xiHt«*in*»'. Tb«,Tf is cotiKi<l«*niblf' ♦*videnr»' 
Im Hii|i|Mirt tlu?> \i«'W. 'I'll*' bik«' fJ«*siTilH*tl in th)s)>a)M*r is then in reality 
ii)< A(./.<//i// lake <\i^oin|iiiii. If tli«' Ai;;<Mi()tiiii iM'aeh is nut th»' shor«M>f 
.1 fjiHi lak'- Al^oiii|Hiii. iIh'Ii ii is m«*n»ly » tnucb d«?fc»rin«»d ♦*xi»*nsion «>f 
III* lt«M|ii«»i^ bi'acli 

111 I »»iiv»rHjiiioii. I>r. S|M'iK*«T iiifornHHl tb<* writvr bil«»ly that the sii|r- 
|/ii^ «i Tri'iii >iilii\x o\itliM iuid btM>ii found to b<> obst rtirt«-tl b»'N>w thv 
pi.K * I'f itt> |ii-f\ ions obs«*r\atioiis and had )irobubh mil b»-**n an *>utlri 
,t» hI Tlif two fjHiclis of bik«' Al;r«niqiiin*s Hxisi«»Drt* w>»iv s*-|^ 
..Trt'.io t».v it loii>: iMTJod of tini»' during' whirh thf !*^ •»nt»*ivti th^ 
i.A-«.i of tt.t ii|i|i*>r lak«*s throuirli lli*' un(*i(*nt NipiKBinc «4rait. I>unni: 
•. .. I'.irwi' irr*'H\ iijilifls lm»k jiiarv and |iTtidur«*d Imrr** rf»*f«»rmai><vii^ 
•' i.. II .ir,i,» ^i|.»r»•^ and also of thv Klu»r»»s of tbt* first l^kt* Alcv^ffKjuiT. 
K . ^ I ,. j.f»'r.«h'h tlo- iiin»- of the <'Vfnts diRCUfified in this fa|«^r. kiu' 
• ,.*!» .• I >.» t».. first »'iii»th of ib»- lake's ♦•xistfuct: bm* nA»c Vfi S^ ?• dr> 

..^ . f» •♦ ii*-* no'd inT»*ssMry it. utit'ihv )ihni«4' **»ecoctd Iiik* A ;x5»ii- 

' ./'..'!• J* II rt »<-U- 

*, ....,♦*. w . J. t ihf lirst Mtid >i\th w-rv |»oblish"il ^t.ni 
» . . . >^,. J • ;» »-. ihnt 1 had no chancv !•♦ <*h^ the p^^»f'». • 01 
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lb. 'Th'* Hijrhesi DM Short* Lin«» on Maokiiino IsUiul/* Amor Jour. 

Soi.. :W Sf r. vol. XLiii, MHn*h. lSi>'2. 
»•»». -Thf Anoifiii Strait at Nipissiiisr" Hull. <i. S. A., vol. v. ISIW. 
{'*\. *'.\ ReconnaissaiHv «»f th»' Abamlon»»d Short* linos of iJroon Ua\.** 

Am. iiEoi.<H;isT, vol. xiii. No. .\ May. ISSM. 
111. "A KeconnaissHUCo of the AhandomHl Shi»r»' llnost»f tho S*>uihOoast 

»»f lako SuiK^rior." Am. IIkoiamust. vi»l. x»n. No. U, Juno. 181M. 
i'>i. "Tho limit of Postglacial Suhmorjronoo in tho lliifhlands Kast of 

iJoorsrian Kav." Am. tJKOi,ooisT, vol. xiv, Nt». 5, Nt>v., 18JM, 
Mil. "Th** Munusci»n&r Islamls.** Am. (iKouhjist. vol. xv. No. I.Jan., 

is$r>. 
Facts relating to the Nipissinjj bench are seHttered throujj^h 
all these papers, but the principal number are contained in 
the second, fourth, and sixth. 

The SorTHWARD Extknsion ok thk Niri.ssixr. Hk.vcii. 
Oif the Xorthent Shovea, In the second of the preceding 
papers an account is given of the Nipissing beach at North 
Bav, and it is there shown that its relation to the ancient pass 
eastward to the Ottawa valley agrees perfectly with tlu» sup- 
position that the great lakes had a postglacial outlet in that 
direction. The probable existence of this outlet liad been pre- 
viously suggested by Gilbert,* and Spencer; and later obser- 
vations by Gilbert,! Wright,* and the writerg have substan- 
tially established the fact. Over the watershed east of North 
Bay this river had a width of a little river a mile, a maximum 

sidering this fact I ho orrorsaro fow: but tho followin^r oorrocl Ions should 
be made: — 

S<'cond |Mii)or, paj^o (J24, fifth lino from bottom, for **moro than .'>(K) 
fe«l" road **noarly oOO fool." Noxl \)\i\!^i\ sovonth lino from top. for 
"Silver lako" road "Windy lako." In tho description of tho map on 
th«* same paj^o lako Tomiscaman^ should bo marked "I" an<l lako Ahlt- 
libi --S." 

Third pa i><»r, table on pa^ro '^i*'), tho altitudr of tho hoach southwanl 
of Two Rivors. Wis., for ''aS^" road '' -viWl/' 

Fourth i)apor, pa^o 300. oi^htoonth lino fn)m bottom, for **tho shore 
line." road **thi8 shore lino." Then two linos bolow. for "must bo," 
r»'a<l "miffht bo;" and on pap' 375, fourth lino from bottom, for "north- 
«*ast" road "northwest." 

Fifth imix'r, paj^o 282. bottom lino. For "station" road "soa;" pajfo 
280, first line of last para>;raph, aftor "tho" insort "hij^hor." 

*"Tho History of the Niaf;rara Kivor," by G. K. (Jilhort in Annual 
liepl. of (Jom'rs of State Rosorv. of Niajrara, 1HH1I. .Also in Ropt. Smith- 
M>nian Institution, 181K). 

lS«*o intnxluction to second pa|>or of abovo list. 

t"Tho Supposed Post«:lacial Outlot of tho (iroat Lakos throu^ch Lako 
Nipissing^ and tho Mattawa Rivor," by (i. F. Wrijrht, Hull. (i. S. .\., vol. 
IV. with Dr. Roll's remarks. 

jiSofond pa[)er of abovo list 
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f,tt trf. i«» ■ t/,-*irtftiJ *r»" •«»titi Til- land^ fw*7<fc«ria]*r tuiir ^^sCsc 

^,ft 0t.t • r,«/t.rr f : th* iip(»rr lakf- i* ir. mat dinetfiiDtL iLHii 
• r,A»' »• »f »tr»Hffii«mn«l ^ liK'Ud*' tiQlU-i. which ii««- itv'ki^ bill 
rT*'f ' ■ t't ttttj »»f iit«' nt till- pr*Hionr timi'. 

</"'/*/>/" nt,>i th' l.tf^f }f irhnnin Short. Sinfv tilt: cii*r':«v- 
fr ' ■ ♦m- '^ i|M»«'ii|{.'' br'Ht*!! nil tin* ooast;* of til*- HOFWU a IkW 
r»t" n»Mff>./" Mh'- «nni»hiMl t" rrriuin beaches pr?vinusi.T- -b- 
,..,./ : ..» »,Mnt pniiii^ tnrthcr sdiitli. In tht* lir*r pifcper the 

.*, ( • I, ,.» ('.( I ■ 1. > I iitMiii :i wi(h h c»f inor»' Itixi a iii:t»- ' as' X."". 
i.),.M' |iiil I) III III ii-tlri III th«- AXRRIC.%> ^rKlJut^^arT f'.r 

I •>,!•. Ml. in M I.' ih« (livitlt* ilowii i«' Tn4i: .i^ii- -n 'n- 

, . . I. .,,.,. I iihiMii •>■» In I Kill th«' shor»' !ii>- A.»rii:: *:•*'- n-rth. 

» . I hMiitti '< iMihiimn"- li\«-: proviui: A|ifiarfai'* ":?*: '^••ry* 

I \M, »• r iHMviss ihi'«livi<l« Tr.i"**tp»nir~ -^incM'p*-* 

» II % iMi'iii iiim^: ii! \\\' s*»rontl *«*ot-!?<"» >-.#.» 

I'l ' i.ipi.- I.' I h ■ vii'oiul luiiwr 

t ill ■! Ill . it I tl . 

. » . !"i\.i m:. Vi K»f<c 14;r.i-*«-;a '^ — . 
> •• u ?»• t^^t" ».-Hr l-****-.! 
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exceptional strenfrth of a beach at an altitude of alu>ut 45 
feet on Mackinac island was briellv mentioneii. Il i:? the one 
upon which the higher part^ «»f the villa^ are buili. It ap- 
pears again in the ridge near British landing, as mentioned 
in the sixth paper ; and it is continued in the great cut ter- 
race which extends acrot»s the north end of the island. 

Passing over to the north mainland, it is this same beach 
which displays the immense gravel beds s*» conspicutms at St. 
Ignace and all around the flanks of Gros < *ap. It was the 
beach drift of this time that shut in the poinds and swamps 
northwest of St. Ignace. and formed Brev(K>rt lake near the 
Michigan shore twelve miles northwest. This beach is also 
well developed along the shore northward from St. Ignace, 
and it was the wave-cutting of that time which made the 
steep precipice of St. Lf»uis rcK-k two miles north. 

On the south side of Mackinac straits it appears again as the 
lower terrace at McGulpin's juiint. The light house is built 
upon it and it appears as a cut terrace at the fiM^t of a steep 
bluff extending around the entire point to <'e<Mle ba v ; and 
still farther to the long Waug(^shance point, which is partly 
a spit of this age. Round Island and Bois Blanc southeast of 
Mackinac rise only a little ab<»ve it and their tops look as 
though they had been largely planed down to that level. The 
tops of the Cheneaux islands are apparently limited by the 
same plane. 

Still farther south in the vicinitv of Little Traverse bav 
this beach reappears in magnificent form, mainly as a cut ter- 
race. But its hight there is reduced to about 25 feet above 
the lake. It is upon this shelf that the villages of Harbor 
Springs and Wequetonsing are built. The bluff at its back is 
75 feet high and very steep. The long spit which makes the 
beautiful little harbor there was probably begun at that time, 
although it has been largely extended since. Across the bay 
this beach , appears at Petoskey as the lower terrace down 
near the lake, and again at Bay View in the same relation. In 
the eastern part of the latter village and beyond it becomes 
very wide with a high steep bluff at its back. But its strength 
of development becomes greatest at the head of the buy. The 
breadth between the higher lands at that place is upwards of 
two miles. The old channel through to the east was not deep. 
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i." • lit- ■ ii- :i''t»-rr ". 11*^^ it He .etui »f rhe 
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1 i»r** - .irt'- :!•*»■ !iH' 'Aiitirr* jjut Lixu itn&ii^ 

■"•;!■ If ii"i,Mwy;i ■•••-.r- Jill, j^j^. jiix(*ii "> oile** -HT^urti- 

' ■- •! i.ir* -wr-*'2: VI.- l***"-* mi lieu nr n«r itt-'-nu im'^ 
I- •■ - ■.!•" . .1 • '•^.vr: "j:i !•• m(iTr*i srrner --»u:c. -ti 

r ^'p . - •• • •••'- > ^' ■ -f-uiiii'- ufr-:i'.:r»ML vi:r -&- 

.J.W.' i.- ?**v-»k*": Lailiiu"^! r'Mn It" 5iai:e iL .^■-c-;r.t?- 
ii^A-f T.i, ,T.. '*»_.: ^:- lii.i.'"»i. lit- ^H».*:i i-is^T! ^•♦t 

- . •:..#. tni- -fr'^r,^ •H-.h'*: a "Ulf v*ut lTTO:r "rr* 
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around the northern shore of Green bar. But it was not foitiid 
south of E$canaba. Fn>m Sault 8te. Marie to the vicinity of 
Old Munising. the Nipissing bearh on the Superior shore de- 
clines about 25 feet. Supposing it to hare the same declina- 
tion on the south side of the peninsula, and starting at 45 
feet at Mackinac, it ought to appear at the north end of 
Green bay at an altitude of about 2<> feet, and there is a 
strong shore line there approximately at that bight. It is the 
wide flat upon which the higher |>arts of the towns of Glad- 
stone and Es<-anaba are built. Back <»f the ft>rmer place its 
upper mark is strong and plain again^^t the f<»ot of a hig^ 
steep bluff. The bluff was described in the third paper of the 
above list, but by an oversight the lower wide terrace at its 
foot was not mentioned. It was at this time als<:i that the 
spit at Fayette on the Garden peninsula was made. The 
heavy l>each gravels of the low Nahma peninsula opposite 
Gladstone probably belong to the same time. The upper 
beach, which is also a stnmg one, descends gradually south- 
ward on both sides of lake Michigan and lies only 51> to 75 
feet above the Nipissing beach where the latter was last seen 
toward the south. The declivity of the upper l>each grows 
less toward the south and it there forms a plane nearly jmral- 
lel with that of the Nipissing. Possibly the earlier observa- 
tions of Dr. Andrews and Mr. Bannister carrv the identity of 
some of these beaches farther south. But although I have 
not yet seen their papers, it seems improbable that such is the 
ca.«e. For, as is stat^ in the third paper, the upper beach 
pag»e8 under lake Michigan on the west side at Two Rivem. 
On the east side it is estimated to pass under the lake at a 
point about (M) or 70 miles south of Traverse City, probably 
near Ludington or Pentwater. The higher beaches described 
by these observers and by Mr. Leveret t* at points; farther 
?outh, certainly have no extension in the north. They are 
probably fragmentary and mark the shores of a lake of the 
glacial recession which had its outlet at Chicago. It is esti- 
mated that the Nipissing beach passes under the present lake 
at points about 80 miles north of Menominee and 15 miles 
north of Traverse City. Neither the Nipissing nor the upper 

•"Rnis^'d lV.'Hfh<*s (»f Lak** Mirhiyraii.** bv Frank L»*viT«'tt. \Visc«»nsiii 
Arail. Sc-i. Trans.. v«.l. T. p. 177-ll»*i. 18S0. ' 
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i^t»f. '.M-?f:M?- JIM- AIT' ^onifr^-rtifK viiir tst- 'lin-niip mrnit^ 

• •rt *->.rf f.r.»«iiiii manrtr; 7f>" nritui p442S^«):' ««Ttl. ii«»if?ft«;^ 

Hj.- i»«:t >'#t: ? ti»- >:|M«t»iiit' »>cap:i sxicDfl- a- tiir -««urtt n? 

t^/r^rf:* liiw- »-vf «' tii»* fimrf . an^ ti»' 'I peer »arr?t. wm. ti 
fi iHji-Ti- f >fri»r* 4»fM»rf?n* prt^Mtktr Ftrbt^- Re«rn ** liiwib. 

'fit I' tf liur*i, .-^uttr' T%- i«: a* rei4(e* o- i*i»trt£!iMc*tthi 
t«bitfi»rr]^ri»r' !.»#• fiMMrr: noaK- o: Mieiu^aj: fra^i ( !rHih«vrxniii 
i»ni»I;- »/• \'nf ii».?r«r <* aiUiMsl 2i /rrr^ « wc<w>i* lY^i. .1 It. ti|ieiio«" 
iij»* )i»n«i^<« f !»• .A uroii'iuii *»8ttCi. aiaiu: tiHai amrt- ninjeoiiiir- 
J^^^. am 1m j- prfifiabr rorrec: ii. maicin;: it pa»ft- iinii«r "Lbt- 

iifm.tru- M»' fMiiju.iiH- Arw.iT- Dfoi foaml tx- ix «i iimfli u i^v 
iff I «i»i;v- tin Njpif^Mo;.- iHjtt^L A- ji hoT titt* writf'r r«im-Jii- 
i»rr- vrr- av<J ♦*!»{ j ii*^ tit* ^ztua: fULmi rpii ^prhrcli f omiH* xbt * «a*4 
f*li*»iM <>: Tiiiiiix^r^ ha^'v a: Ainf^na. ajui aieo tin- -windr rciad 
jn<»i4jj ti»' i^li-'T* wfH^rwiin^ Vre«qut Ifch auiii tilt- iiumerctu* 
itti4*rii ijikf*- o: tiaai rxiafii «rrcm;rn €U}gpe«i -gimiitir «b{*w-« 
CJHftvlivn wiifci <>w tJK-i' iu^iiraati«i3i t<» tin Jufikwdng 
Inwici* l>u: t.n»- »- a] Mia- naj rt* -saui «i: thh» fiitttn ul pre-?- 
rn; 

Nii)»^Mii;. i*CM<rJ t- ji#>«'uii [^ i-e»»i jifj^ivt Hit Uit* . Jki Parry 
>«Mr{it. \ f> vtr^ iti>iiotni «vJt'*tJf-*" tit^ -nuiil irrvvti. fi^^Cxa at 
rttsni >i i-^rv 11 titi -;ilia^ *- Ut^ "Nihhhiti^ itf!«i«i.. Ai Mid- 
j*.i«i lt#'rj> f^ i srroji^ sjimr> i-rmc*- ar >it*(un «• 5*^*:- It is 
li^ .♦ic."* iiiu nu(^»i tit^ ^rroii^rt-^- n tin -*t»"rit^ UfAT liw- iake 
♦u»rr-. w»- ii-^-^^^tIimm n tUi liftJ i^intr. sini. rr ▼:»»* -*a»i!j fol- 

'• >••■ y.',},'--uii i*-'XK*i. 1! nih- >*»£7Mii. inv^v»rr, mv work 
.-.•:.«.' ! i( .. ,r *^i«r«jr-'- %:in lut- tf^*srr?ii%t*i tne abandoned 
-> 'v ' . *•.•:• ••.>??-* M r.!*M"rc^i8n n»^ »iiti lae ea.st eoa!?t 
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of lake Huron in ♦••»n>iiiemble detail.* He dv><'rit»e> a beaieh 
which descends westward al»>n«: the south side »kf Gev»ri;iaiQ 
bay and southwanl alonjj the east share ♦►f lake Hur<.>n. 
Towards the S4.»uth its declivitv de^-reases and he estimate* 
that it passes under lake Hun>n to a depth of aln^ut iO feet off 
Sarnin. Dr. Spencer has traced this beach to Kirktield« north- 
east of lake Simcoe in Ontario i. and I have found it at inter- 
vals as far north as North Bav« and at high altitudes, as is 
recorded in the fifth paper. Dr. Spencer calls the whole extent 
of this shore line the Algonquin beach, and considers it to be 
one continuous feature and of the same age throughout. Ap- 
parently he takes no account of the j>ossibility that, in the 
varying vicissitudes of the lakes, beaches of different ages 
might have overlapped. Yet he finds the Algonquin l>each 
passing under the present level of lake Hun'kn. suggesting 
clearly that similar relations mav have obtained between other 
beaches in the past. Indeed, it seems probable that the Al- 
gonquin beach is divisible in this way at some ]>oint Iwtween 
lake Sincoe and North Bay, into two parts of different ages. 
If the plane of the Nipissing beach as it is on the south coast 
of lake Superior and the northern part of lakes Michigan and 
Huron be projected toward the southeast, it passes about 25 
feet under lake Huron at Sarnia and thus comes into very 
close agreement with the southern end of the Algonquin beach ; 
and it also strikes very close to the level of the heavy sandy 
beach of 50 feet at Midland on Georgian bay. The probable 
identity of the low-level shore lines of this region with the 
Nipissing beach is further supported b}" Dr. Spencer's de- 
wfription of their character. He says the countr}' around the 
head of Georgian bay is sandy. The Nipissing bench is nota- 
bly so in many places. He says that along the eastern coast 
of lake Huron the waves are now cutting away the land and 
have in many places removed the bluffs on which the Algon- 
quin beach rcsts.f This same cut would remove anything 
that might have remained of the Nipissing beach also. Dr. 
Spencer states that the mean rate of rise of the Algonquin 
beach from the southern end of lake Huron to near Southamp- 

*S^M* hist reference above. 

f*'l)<*f(»rmation of the Algoiujiiin beach," elc.,(pefrrre(l Id above.) pajre 
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i^*tM • rt*«'u-. -.♦»- •'• .■••*»-.- jtni_ tD»' numerous 

AJ4-4II u« .■ •!• •. ■ '•' 4*t- - '• . ai '-- ■ * tri* Nipitn^in^ <|tialirv. 

ji ..- !•!»•. ii'« ».'/'.*/♦/ Is. !;?• -i.unj^''ni»- t*erieK*' kee|>to t<» a 
if#« i». V. «. r %^'. .. : ♦-• * ;[ t*«'«*i.*- . :: m'«»r«- «»f Nipisfiinp a^. 
|i. ei»i;i p- I;.- ♦•-• M:* •Mfi«'fi»'ir ifi**-.-. H »ihoWK that tiu* Nipi>- 

oiM^; iM.ci' .. I.* i . i\-'. fi'irfuiii pittfi- oti thfM*rihorc^and iie«^ub()ut 
III ih. euiii' \iinti' fi.^ (tif»»«- f>jirt>» (»I i* whioli have been traced 
oi» »h»itt . '.''Ml i.. .iiMi iinU- !•• th«- rinrthw»*st. If thrsr (loints 
< . kill hnti«-i»i mil lit I tMirri'c't lint, the Nipit^iiiiu: bearb ffli(>ald 
h. aK ■. . ;t • In I itiM«\i iHk< lliin^ii at S«)UtlkAaipc<»a. and 
•hJ-. .. .. i\»'*N uuiti lh« i»k. Ill ;i i»»uiji abtui; !*• Ilil•^^ si»uth •>! 
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rapidly to the northetist is. theref«»rt-. ai thin^ «»f diffen*nt m^* 
In the case of the Xipissin|: beiitrh the value of the suppo- 
sition of its extension, as ab*»ve. i«» the southern shore of lake 
Huron is strengthened bv the fart that although it has been 
traced to widelj separated p«>ints elsem-here. this beach is 
not known to depart suddenly or greatly from its mean plane. 
The only notable exception to this statement is the acceler- 
ated rise northeastward toward the North Bar outlet in the 
region northeast of lake Huron. But at North Bay the alti- 
tude of the beach above the main plane produced to that place 
from the west is onlv about 40 feet. 

The Chasge of the Ottlet akd the I>eformatiok of the 

NiPissnftt Flake. 

Theoretical ContfUleratiomf. We have now before us a re- 
sume of the principal facts relating to the Nipissing beach of 
lake Algonquin so far as at present kni»wn. and upon these as 
a basis we must endeavor to learn what we can of the histonr 
of that lake and the proximate causes of the changes which 
led to its deformation. But first a brief consideration of cer- 
tain theoretical principles will help us to understand the na- 
ture of the changes which have taken place. 

If a basin which receives a c<intinuous supply of water and 
maintains a continuous outflow be tiltcKl in any direction, its 
relation to the plane of the water surface will be changed. If 
the outlet were on the east side and the basin were tilted up 
at that side, all the previous shores in the basin would be sub- 
merged. On the other hand, if the west side were elevated 
the previous shores would all be left dry. If the basin were 
tilted up at its south side only, the water would change its 
level on an axis running west from the outlet and all previous 
shores south of that line would be left drv, while all north of 
it would be submerged. On the other hand, if the north side 
were elevated the new relations would be just the reverse; 
previous northern shores would be left dry and southern ones 

• In some of his recont |>aiK*rs Mr. Warren I'pham has t»iMh'avor«»d l«i 
show that the Nipissing beach is the same as Dr. Sp«»ncer's Al^on<|iiin 
beach. (See pp. 21-27. Hull. G. S. .\., Vol. vi, 1804: pp. r^-J-Oft, GtH>l. and 
Xat. Hist. Survey* of Minn.. Part III, 1894: anil Am. Jour. Sci., Vol. 
xux. Jan. 1895.) I have observed both beaches at the same Iwality. 
The two are entirely distinct and inde|)endenl, the Al^^ontpiin always 
<)ccurrin«? above the Nipissinjr st» far as yei seen. 
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irre^ilar. Inral rhanSTc-^ f»:' ni'^r*- •">'- lt*«- imT>«'*rt4iTir»- »t^ hItoosi 
certain t«» takt- fiia«v f-rerywDert Wit:. :. «iii<r«'^ ♦•xce|>ti»»n 
already point e*i ooi. ih^wf-vf-r. tti^ attinio.- ••: tti- Nmi^^ini: 
plane fih«»w> th»* fnaosr- t • fii«v- neeri f*" tf!- hrnnii* r kimL af- 
fe<»tiiur the wn«ii»- ba^^in a- i-. iini: 

In rimsulvriiii: th*^- pri»*-t-<«i i.' tn- fnHnr"- • * ••'»ti»-;. \i i^ ini- 
[Nirtant In "i*^- mat unfe^-^ tii- ni'^vemeiiT wnif!. pnHlw*^! thni 
(•han|!^e wa> extremely «siidite:. i ami ther*- i-* n-* rf-a^iin. t«' <up- 
|K»fte that it wa^j. tJi*- i»utti«»w hy th»- n*»v uuti»-T imi-it havt- ♦»«•- 
iTun hefon- thr oid on* wa^ atmntinnei. l>r >|»enr•^•r lin^ ^aitl 
that the mitlvl eouiti n«»T tiav* hf-ei: south warn hv way 'if the 
St. Clair riv«-r ax tht- tini*- *•: tli* Al«r«»nijiiii tieafii * Hui if 
Wf ecinsider tht- <•»?*«- fmn. tn» t:tandfK*int **: th* Nipi*^inu 
beaeh, wlii<»h is wore nearly noriziinta.. th»' iiittifulti*-»*if •sneli 
a ?upp<>Hition an- ^rrealiy at^rea*»eti IniiiM-nl i\. thj- <*n*«i- ^iieli 
a cc»neiufiioii i*i eleariy di«proYt-il by at viry ^inipl*- '*»»n*idt*ni- 
tion. In th»* tilting of n imi^iTi whi*-t! ha- Twi. po^t^ihU'imtlet^ 
on iXh ea*itern rim. th» uplift ^H-in*: at th» ntirtli. it i* '-lear 
that the liiph»*«l shitr*- iin* whiei. trau po<*^ii»!y ht- made hv- 
tween the«e outl<*t* i^ in a ]iiant- whieij *'oniiHrt^ them when 
both are flowin*:. A eiianct from ihi^ position either way 
would throw the wiioi»- di*ieharjr»' !<• •»ne outlet and 
leave the other dr^'. It i«- th^^refor*- plain that the^uhmerped 
beach ol!* Samia niarkf* th<- i«»v«*! of lake Algonquin ui a time 
when the St. ^'lair outlet had iu*;t liefii fully i*stahli*ihe<i an<l 
the Nipifif:in^; outlet just abandoned. And there are no oh- 
!»tnictions in the St. ( 'lair or Detroit rivers which preclude the 
duppositirm that they miplit have been thit- mtich W>wer«t that 
time. That this i#i n(»t mere sfK^culation if^ plain when we con- 
sider that fiionie cither f»utlet must have iKvome active when 
that at North Bav went dix. Hut then- is no other omlet 
available except that at Port Huron. After this one. the only 
other which might have been available is at (^hicago. Hut the 
attitude of the Nipissing plane excludes that alternative ab- 
solutely. 

ExtetutioN of ike Xipi**i$i^ Plant to Hhffnlo, The cessa- 
tion of the North Bay outlet and the complete establishment 
of that at Port Huron marked the extinction of lake Algon- 
quin and the beginning of the present order of things. Since 
*t>p. cit., p. 18. Also letter in Amrhicatv OKtHAUUsT for AtiyrtiHt, I81M. 
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that time the outHow by the St. (.'lair river has probably never 
been interrupted, and from this fact there follows an impor- 
tant ronrlusion. At the present time lake Erie is nearly nine 
feet below lake Huron.* It follows that at about nine feet 
above the water to the head of the Niagara river at Buffalo 
there is a point in the air which is now exactly in the plane of 
lake Huron. And since the outflow of the upper lakes has 
been through Niagara ever since the establishment of the St. 
Clair outlet, it follows further that this same point must have 
been at all times very nearly in the plane of lake Huron, de- 
parting from it only so far as the fall from lake Huron to lake 
Erie may have changed, or the Niagara river lowered its level 
at its head by erosion. As we shall see later, it is certain 
that the fall from Huron to Erie was a little greater at first 
than now. But both these factors together are evidently 
small, probably not exceeding 10 or 12 feet at most, making 
the fall at that time about 20 feet. The relation of the plane 
of lake Huron to the head of Niagara river must have been 
verv nearlv the same all the time. It follows that at the last 
hour of lake Algonquin this point nine feet above the river at 
Buffalo was only 10 or 12 feet below the plane of the Ni pis- 
sing beach. For this reason then, that plane is ext^^nded b}- 
inference to Buffalo, and that place becomes the hinge upon 
which all the subsequent eastward elements of deformation 
turn. But Buffalo is almost exactly east of Port Huron s(» 
that the whole relative change between them has been an east- 
ward cf>mponent. Relative eastward elevation has taken place, 
probably amounting to 35 feet at Buffalo. This would be 
enough to drown the Nipissing beach about 25 feet at Port 
Huron : and the St. Clair and Detroit rivers were also similarly 
affected. Since this has taken place, Buffalo has become vir- 
tually the hinge of the northward component of deformation 
also. The truth of this is evident when we consider that the 
present level of lake Huron is to a considerable extent de- 
pendent upon the level of lake Erie. If Erie were to run dry, 
the level of Huron would speedily b<* lowered by several feet, 
presumably by 25 feet or to the former level of the St. Clair 
outlet. Buffalo is nearly straight south of North Bay so that 

♦••Physicnl Oharnct«Tistics of ih«- Nnrih«*rn and Northwestern Lakes." 
I^ Y. Sch«^rm»'rlinrn. C. K.. Am. .lour. Sri.. III. vol. xxxiii. April, 1867. 
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between these points only the northern element of change has 
been effective. The importance of this inferential extension 
of the Nipissing plane is apparent when we consider how 
greatly it extends the known area of subsequent deformation. 

The Isohases of Deformation * We are now prepared to 
examine the map which accompanies this paper. The Nipis- 
sing beach is nearly everywhere very close to the present lake 
shore, and for this reason there would be no advantage, in a 
map drawn on so small a scale as this, in trying to represent 
that beach as an independent feature. The coast lines of the 
lakes are drawn heavier along all the shores where the Nipis- 
sing beach has been abandoned than elsewhere. In a few 
places, as tow^ards North Bay, the beach passes inland, and 
the former outlet to the Ottawa valley is shown. The heavy 
broken line east of North Bay is a conjectural representation 
of the shores of the arm of the sea into which the outlet river 
emptied. Where the beach passes under the present level of 
the lakes, it is represented by a heavy broken line outside the 
present coast line. At the west end of lake Superior the de- 
pression represented is below that lake and not below the 
Huron plane, which is about 20 feet lower. 

The straight lines drawn across the map from southeast to 
northwest are lines of approximately equal deformation. They 
are the **isoba8es" of Baron de Geer.f The lower line, AA, 
which passes from near Buffalo toward Duluth, is the node 
line or line of intersection between the Nipissing and the 
Huron-Michigan planes. Along this line the Nipissing plane 
is calculated to pass under the present level of the lakes toward 
the southwest. Each of the other lines parallel to AA passes 
through places which have undergone approximately equal 

*It is only fair to state here that neither the field work nor the subse- 
quent writing of the paix'Ts descriptive of il wr-re in the slightest degree 
pri'judiced in favor of the very uniform attitude and extension of the 
Nipissing plane as here described. It was hoi)ed at first that only a 
simple and uniform northward rise would be found. But when the long 
rise from Duluth to North Hay was discovered, that idea had to be given 
up, and the observations henceforth were made without any preconcep- 
tion as to what the results were going to be. The real extent and atti- 
tude of the Nipissing plane was not worked out until after the first four 
papers had been published and the fifth sent to .the editor, when the 
history of lake Algonquin was taken up as a special study. 

f ''On Pleistocene Changes of Level in eastern North America," by 
Baron Gerard deGeer. Proc. lk)ston Soc. Nat. Hist., vol. xxv, May 18, 
18!>2, with map; American Geolocust, .January, 189^. 
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amount.*? of deformation. The lines are all drawn '»traight : 
hnt it ifl not presumed that the points of equal deformation 
are really so exactly aligned. They are. however, very nearly 
so, and inasmuch as all the measurements, except a few by 
Spencer and I^wson. were made hy aneroid, it seems useless 
to attempt a more exact representation. The discrepancies 
are nowhere ^eater than the probable limit of error in meas- 
urement, and the limit is small in this case. For in nearly all 
places the conditions of measurement were very favorable for 
accurate results. As to the line AA, all the nodal points are 
calculated : none were determined by t)bservation. But the 
data for the calculations, so far as relates to lakes Miehijypan 
and Superior, are most of them good. Those on lake Hunm 
are less certain. On Saginaw bay they are entirely conjectu- 
ral. Only this single fact bearing on the case for that bay is 
at hand from observation : I have several times crossed the 
great tfats of the Saginaw valley, and I regard it as certain 
that the Nipissing beach does not appear on the shores about 
its southern half. Some of Lawson's lower beaches on the 
northwest Superior shore and Spencer's on the east Hunm 
and Georinan bav shores agnree verv closelv with conjectural 
extensions of the Nipissing plane to those parts. 

The direction of the isf)bases was determined in thetirst in- 
stance from the points of observation which lie along the line 
(]('. On comparing the altitude of the Nipissing beach at all 
the different places where it was observed, and measuring 
their bights from the Huron plane, it was found that those at 
Mackinac, frros Cap, Old Munising, Marquette and Houghton 
are almost exactly at the same bight, 45 feet; and further 
that, with the exception of 3Iarquette, they are almost ex- 

N'f/TK. — Aft«*r thf map which accomimnies this article was ready for 
\\\f pr«K*fHs of reduction ii was disc<>vi»red that it was not drawn iruo to 
scalf*. Th«r iU'tvci is in the original map frum which this was trac*»d. 
Am it stands, the map makes east and west distances a little too ^reat, 
hut is ntit distorted in a north-sonth dirt^ction. The defect does not 
rhauffe the relation of the isobast'S to the places of observation, but 
slightly increases their an/i^le with the meridian. Inasmuch as this 
fiAfyer is of a preliminary nature, based almost entirely upon aneroid 
measurem^'nts, and inasmuch as the map was originally intended to il- 
lustrate rather than to demonstrate, the defect is not considered to be 
of sufficient imfxjrtance to warrant the delay necessary* to make a new 
maji. The distances and angles are c<»rrectly stated in the text. 
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aetly on a straight line. A straight line waa therefore drawn 
through Mackinac and Houghton and this line was taken as 
the first or fundamental isobase. On a comparison of the re- 
maining points of observation oft* CC it was found that they 
could not be better represented than by straight lines parallel 
to CC. In this way BB and DD were constructed. The main 
part of the Nipissing phme so determined lies mostly between 
the isobases BB and DD, and it extends from Mackinac to 
Houghton. This area is 250 miles long and about 100 miles 
wide, if we count the distance to Gladstone and Fayette which 
lie south of BB. From the points observed in this principal 
area the place of the node line AA was calculated and its 
place so determined, is approximately parallel with the other 
lines. From this principal area, which comprises carefully 
meaflured parts of the Nipissing beach in each of the three 
upper lake basins, the Nipissing plane was produced in all di- 
rections and its relation to the various littoral features of the 
remaining parts of the lake basins were noted. Some of these 
will be described in detail later on. The mean rate of rise in 
the Nipissing plane from Petoskey to Sault Ste. Marie is little 
more than (5i inches per mile. It will thus be seen that a differ- 
ence of five feet in altitude is equivalent to nearly ten miles 
ilifference in the place of an isobasal line. Almost any of the 
measurements may be in error as much as five feet either way. 
It follows that the isobases may be ten miles in error either 
way at any place. But the extension of the measured plane 
over HO wide a space, and especially its very close agreement 
with facts which point to its extension over several times that 
space in other parts, reduces the probable error very much 
and increases the value of the isobases. Facts in widely sep- 
arated places prove that these lines are certainly not far out 
of place. Points of observation not situated on a line gener- 
ally show an altitude which agrees with an extension of the 
plane l)etween or beyond the lines. There are a few points 
that appear to be exceptions. All but one, however, are within 
the limit of error. Marquette and L'Anse seem a little too 
high and Midland a little low. North Bay alone is wide of 
the mark, being 40 feet higher than the iHain plane pro- 
duced to that point. The rate of rise from Sault Ste. Marie 
to North Bay (transferred to M on the line EE) is nearly 
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one foot per mile. In this case it must be assumed that 
the plane actually changes its attitude in that direction. The 
distances between the isobases, and the rise in feet from each 
to the next, are presented below in tabular form. 

Intervals. Miles Distance. Feet Rise. 

A A to WW 4.5 2.5 

WW " CV 'M\ 20 

Cr •* 1)1) 4.5 2.5 

1)1) •• KE 1)5 IM) 

AA • 1)1) 12<) 70 

AA •• KK 221 \m 

The apparent discrepance from a true plane between AA 
and 1)1) are all entirely within the limit of error. There is no 
reason to infer, for instance, that the 25 feet in 45 miles from 
0( ' to I)D represents a real increase in the rate of rise. Prof. 
Lawsori's levelling makes the beach at Sault Ste. Marie 49 feet 
above lake Superior, while that at Mackinac may be a little 
more than 45 feet above lake Huron, in which case the appar- 
ent extra rise would vanish. It is a fortunate circumstance that 
three of the best points of observation, viz. : Sault Ste. Marie, 
Mackinac, and Petoske3% are almost exactly on LM, the line 
of maximum rise of the main plane. Even after allowing lib- 
erally for such deviations as appear to be present, the fact 
still remains that the most remarkable feature of the Nipis- 
sing plane is its very close approach to uniformity over an 
extent of more than 700 miles or from Duluth to Buffalo. 
Following is a table of the altitudes of the Nipissing beach at 
the principal points of observation, all measured in feet from 
the Huron plane : 

Pic Ishiiul ( Liiwsoii ) (>4 ? 

\orth <Mul Purtag*' lak<» raiial .50 

Houghloa *. 4.5 

Kajjio Harbor 00 

Lac la lU'lIc (iO 

L'Afisf :{7 

ManpH'tlc 4.5 

(>I<1 Miinisin^r 4.5 

Sault St«'. Marie 70 

Mackinac arxl (iros Ca|> 4.5 

Favcile and (Jladstoiir 20 

Pctoskt'V 25 

W(>rtl]in«rlon. Out., appro.x 130 

North Hay KiO 

M idlaud .50 
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Wv«*brid;r<.' (Spencor) 55 ? 

('Iarksbiir»r (Spi'iic^T) 45 ? 

The node line passes a little south of Hutt'ah) and a little 
north of Duluth. Near the center of the map its direction is 
N. 63^ W. and the direction of maximum rise of the deformed 
plane at v\\f\\i angles to this is therefore about N. 27^ K. But 
at the sides the meridians converge slightly northward. This 
agrees closely with the direction of the conjectural isobascs 
for the region of Georgian bay as shown in I)e Oeer's map of 
recent changes of level in Eastern North America.* Lake Su- 
perior is 20 feet higher than lake Michigan, and the node of 
the Nipissing plane should therefore be on a line about ten 
miles south of the isobase BB. This node is shown by the 
short line FF which passes through the outer Ai)ostle islands 
and strikes the north shore at Beaver Bay. In his article on 
the Algonquin beach. Dr. Spencer sa3's that Minnesota point 
at Duluth shows that the water there has been backed up to 
a higher level recently.! This view is undoubtedly correct, 
and the opinion expressed by me in discussing this feature in 
the fourth paper of the above list needs to be modified accord- 
ingly. The long (/haquamegon point near Ashland, Wiscon- 
sin, ifi another recent littoral bar of the same kiiul, and it is 
curious to note that both of these lie on the south side of the 
calculated nodal line of the Nipissing and Superior planes and 
that there are no other great littoral bars like them on ttte 
shores of this lake. This correction points to the conclusion 
that the Nipissing plane rises from Duluth to North Bay 
about 165 feet, instead of 12»5 or 180 as stated in the fourth 
paper. The isobase 1)1) crosses Isle Royale and strikes the 
north coast of lake Superior about at Portage river. Isle Roy- 
ale has many shore lakes like Lac la Belle, cut off* by littoral 
harp. There is good reason to believe that the Nipissing beach 
Is in its normal place on the north shore, as indicated by the 
projection of its plane from the southeast. And if it is there 
ve cannot avoid the conclusion that the change which de- 
formed it also carried all the other higher beaches up with it. 
Yet professor Lawson, as pointed out in the latter part of the 
fourth paper, infers that there has been no deformation of the 

*()p. cii. 

t*'l)(»f()rination of thr Aljfonquin Hoach," tMc. pai^c 10. 
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loxvftr }>eac»h**« of that. <*oa«t. But the inethixls which he iij»ed. 
prevent^ the dit^covery i^i :^uch (ieformation iw may exist. 
By the projeftion of its plane from the 4onth ?*hc>re the Nipis- 
f*inf5 beaeh >»honl<i beexpecteit <m the extreme northern shore 
»t an altituile of HM> or 110 feet. 

fo he K.attcliuied,'. 



EDITORIAL COMMENT. 



A^ AMr.*4nr<4 Ekroh. 

Our able and ei*teemed <»on temporary, ynhtrf^, hat^ fallen 
into a nkther amiimnf^ error in (|uotin^ an illustration fnjm 
the flr«t vohime of the report»of thegeologieal *«irvey of Iowa. 
Prof. Calvin, in an illustration opposite p. 61. has represented 
the overhanging^ limestone at ** the Cascade,"' Buriin^on, in 
triwter. The (?awade is frozen and the ice hangs frf»m the 
edg^, as long- stalactites with a mass of !»taiagmitic ice at the 
bottom. Perhaps from want of familiarity with jso wintry a 
iHrene the writer in yatnre has mistaken the ice for the lime- 
<it4>ne and adds words to chat effect. Prr^f. < 'alvin savs, ""The 
limestone often !»tands out in overhanizins elilfs over the 
softer Rinderhook beds,*" bnt in yatnre we read. "*The lime- 
jft-one often $itands out in overhanging cUlfs over the softer 
<ihale bedA beneath and gives the appearance of a easseade. as 
ruhown in the accompanying illustration, which is reduced 
from a plate in the report." 

Regarding the report itself our contemp«irary adds the fol- 
lowing remarks*, which from such a source are highly c^^mpli- 
menta ry : 

**The volume referred to in the f»>regoing note showed us 
that the publications of the Iowa survey were to be of a high 
character. The second volume goes to confirm this view. It 
'm a rlescription of the «'i>al deposits of Iowa, by Dr. C. R. 
Key^**, and i« a model of what such a report should be. With 
text riinninj^ into more than 5<)0 quarto pages, 18 full page 
plat-eM of a hi^h quality, representing interesting formations 
in fonn^cfir>n with the Coal Measures, and over 200 figures in 
fh/- ffxt. thf* volume is an attractive handbook for the coal 
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miners of Iowa. * ♦ ♦ We offer our congratulations to 
Dr. Keyes and the geological corps with which he is associ- 
ated." E. w. r. 
The Fossil Fishes of Canon Citv, Colorado. 

A little more than two years ago, announcement was made 
by Mr. Walcott of the discovery of fish remains in a red sand- 
stone of lower Silurian age, near Canon City, Colorado. The 
specimens were widely exhibited to the paheontologists of 
this country and, at the meeting of the International Con- 
gress at Washington, were not only generously displayed, but 
the opportunity of examining the locality of their occurrence 
afforded to, and accepted by many of the visiting geologists. 
Dr. Otto Jaekel, of Berlin, who had done some refined work 
in the microscopic study of fossil fishes, was invited to make 
a close analysis of these remains, and in a recent review of 
Walcott's paper entitled ''Preliminary notes on the discovery 
of a vertebrate fauna in Silurian (Ordovician) strata" (1892), 
he has made some interesting observations (Neues Jahrbuch, 
1895, p. 162) thereupon. "The first glance at the remains in 
question," he writes, " at once conveys the impression that 
they are much more closely related to Devonian than to any 
Sihirian fishes as yet known." Some of the scales are stated 
to undoubtedly belong to the Holoptychiido'^ other fragments 
are to be ascribed to the placoderms. *' The question is now 
this; whether these remains are really of lower Silurian age. 
Upon visiting the locality in 1892, many European geologists 
were, like myself, convinced that the stratigraphic relations 
at this place are not simple and readily made out, as the strata 
have been greatly dislocated by faults. So there seems to be 
at least a possibility that Devonian sandstones are lying be- 
tween those of lower Silurian age, although the immediate 
proximity of lower Silurian fossils in a petrographically sim- 
ilar sandstone and the absence of other Devonian fossils in 
the fish-bearing strata does not support such a suggestion. 
Still its possibility is strengthened by the fact that, if I am 
correctly informed, there are red Devonian sandstones in the 
neighborhood of Canon City, and its probability shown by the 
character of the fossils themselves." j. m. (\ 
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f 'htr l^'if'trtimtiu print if nrnkiM I'ntffin i ' Antiirant^M -ritrfii liiU' -ihm tfrr 
•int^ri-n Kreitir n, 'JVtim: \w Hkrmasx Kaiff • N^"i»*> Janr*^m*ti r'Qr Min- 
•— :ii. • !••.. 1 •**.».'». iiiul I. \,\i. 1-1.1. |>l. I., 

I^^^>«•rT r IIill was rh*' first fo ihhh*h. uihiit »M«» iiuin*' *i'»H*»»ii,**i Is^jj, 
ti. ♦•«*♦• |»«-«*unar "ifiru-nrai nr'iVMni i)«i<li*^ wiiiri». \\\ \^l\, -it* i»-MTirH*»i :n 
't,m»* 'I'-faii a^ III'* ••ini»*s of an araiirariaii. •b'^iirnniiiiir iJn-m a:^ Ar>i'i- 
■'intfM ' r.iriii. in ih«* lail^r \-arai>«». Pn)f. F. W, < niirin. r»*iranliii:r 
'!.♦• f«.H^|i< us Uno/imii. «l»*s«Tih»*fl tliHin iiniiiT m»* iiami* P'rttftf»nji itr»t- 
t.ifnrmiM. I >r. Kanlf- aiiai>>i>. haseil \v\nn\ a f»"«r iiiT»Ti!ni '-a^ls. ^\\\y- 
-laiiljalfN ii'iiiitT "f ili.'H** irp)iiitiii>. hilt iiiiliralfN i—rtaiu -ufHTTicial 
'imiianlH-N iMi\%'t-»-ii i})»* •oiirtac'^ •>!' ^iirii irittriini i.*as{> ami r»»f»n'N^nta- 
':v'-'^t,j I ill* ir-MJU^ HfffptitrttiitrH. 'On tin* '*|in»*ricai f«»rin ami m<»;iic 
'.I riKMiip' «»r t h»' ».urlar»* vv«* raiHioi |.lart- miirii w»*i:rni. Th»'> an* 'in- 
•->— •'Utial --imilarii i»*s. t'nr I*"ri>*'ii>itifi >,\\',\.r\'> rii»»m wun tiiitr ajui wholly 
'{{-•tiiKM oriraiii>in>^. Unf w** ma.\ axTin** «.«»m»- jiTtl** \alii«- rii«*r»'ft.. :n»m 
ti.«* I'aci ihai l)«Mhf> )ik«* ih»' Itn'fpttwniitiih*' arc rt*iiNtnit't»^i of num»Tt»iis 
!iMmiim«»r|ihir »*!»-m«Miis ' M'*n»m'»«». ''aiMi of whii*n »*»»iisisi> 'M' w tliicU- 
•Mi»-«i >»iimmii ••xpandiiMl mio a (jlal*- ami a i«»ii:rcr itr '»iiurtrr ra«haj. jt^r- 
f'lrah-d l>> an axiai «*anal. ami flial ih»**i»* raiiial> •^*\ far a> our ••«>>«-rva- 
ii'>n- |nrrnii us '•> jtnlir"' ^'Vfjl ai iiu*ir (iroximal ••mis until ii»t'\ r»"»i 
r.'ain'^r ami rrow«i ont* anoiin*r. Ik.iilial> of «|nit»* similar f«»rni wt- ha\«' 
I'Hjn*! ill liti-ritt.irniitm. ;i-* vvi'ii a> ! 11 >«4.m»-«>f lh»* li*t'h*i*iittH." Tlw au- 
: h'.r '. 'iif MP'S no furl Iwr "iMnioii in n-'^ani l«» tin* nj rui*f iinil [•«»rti«»ri of 
iii."»»' f-.s-U'*. i»-a\niLr i tii"^ «i'-i»-rininaiion foniiniTHni i^miii i iu- acijtii.si- 
' loii of nior«' ••Mm(»n-h- iiinh-riai. .i. m, «. 

/#/;</• liiiK Ohrf'f* f'ltn till' t txittH ftt II . III'. Iht I'^tlHH'l iltM If lit* f'h rttin'm'fii II 

liijt'h'iif.fM, /. li\ l-'ujTz Kui-:< II. wirii tm* a>Hi>iam-H .if K. Lohx iimann. 

' /••ii'^rlirM'T •iciM'^rii. ir»'"i ' •••^♦•lix.'ii.. \o|. \i\, |j|i. 44<>-4riK jii>. iH*-."!?. l.y.M. ) 

'i'lii^ I*- rin Wv^x insial[m*ni of «l«->rri|»i ions of tht* l>*'\onian faiina> «>f th«* 

' ■ ■nn! ii i.iii Alps, wiio-m- ir.-oioir\ i;a>aln'ail\ i>»'«'n rar»'fnlly ►•\(.Hiumlf<l b\ 

I'i'of l*"!'»-rii ,ii'>anoi|H niimi»»T»» ol t lti*>r prori-tMlniirs. ami. m«»n' r^•<•^•nll^ 

'I look r..rm: ■|>!«' I\ai"nis<'n»*n Al|»«*ii. ' Tiu' '*(»«*rn-> In'n* «i«*>rpih»*<i ar»* 

,,j.^r,.|\ i.'a>i«*ro|M»«i- of '.iinoii^ :r«*inTa. oin of a! ^ifH'i'n-*^. ^»7 hMlon«rin«!: lo 

lii I- irroiip. Th'-ir \ arifi \ i»» iitii'r»"*lin:r. if m»>i p*markabl»'. '-v incinir. 

tii>i . ;jii ai»iiii«lani ppTf-'^'-niai ion o| tlif capnlnU ^ P^tttf/ftntu ;iiu\ P/fttf/- 

-.Mtinnii lini ith>>r'>.'*iinini , !*'!>.<• ii'T. l'»^n»M"if> ami van»*li»*N» in harnii>ii\ 

\ ' ' 'i mI li» r l<i\\ t-r l>«-\rinian or •caiMiiian" faunas; ti\»* «*.\am|»l«*s of I In* 

-: ' II n.Ni L:«tMI> Iff mil ii'ttuM .ht-lti-r Trtnnittnint ux\\ I\|)h'al forms of /»V/- 

!, r'>j, /,,,!, , ..! ll'ir.iiii ii,i ;,i,,i t iifftiixniM. \\\[\\ p'|»p*x'niaii\ ♦'> "jf I In* ir«'iit*ra 

I'.', II ri'f.,1,,,1 ri'i . M'l irliixiniht . Trill ni/i<liiriii la iit-w ir»*nu'» liavifii; iIjh f(»riTl 

. .1 ;i f r;;i fiL'ti..,!' \ | >\ r.l HI l«ia I >'iliin>iin) HunuipiiilhlM, I*nl}ftrf»inM, Trtpr/tHit. 

I .,.i'>i,*inii I'-'ftftr'tfnM, Sfiii'i'itrhilii}*, l*fiiUnfirii. I Inri'nttinmi iK.i\i\ r»frh*ffiit' 
' "'I .1. M. I". 



Eerie fc of Recent Geoloijical Literature, 123 

7Ar AtwririiM Trrtiatjf Ap/tifU^, with #i tiMt nf thr kntttrn mfHntm tiutt to- 

\»U* for their det^rmiH4tti*»u. Hv Samiel H. S< ri>i>KR. <Thirh*«'iilli An. 

R**p-. I'- ^- <^»*^>1 ^^»ir\\ PHfl II. pp. :i4l-:MM>. with i»IhI«'k cii-< vi.) Tliirt \ • 

\wu siwcies of |>lHiit-lii*«'. r«'pn*sctititi|r fiftiM-n p'ticrn. all p«*jr«ril»'<l .ih 

ilisnnct fr\>in any m»w livinff. an* ftnin<l in T<Ttiary «>lraln at FlMrisHHiit 

in r<»l(>radt>. GnH*n Rivor in Wvominif. uikI I^im'him*! in Hritish <'<iliitii- 

bia. Thouirh oik* mi^ht siip|M»s**. as tin* author r<'m«rks. that thi' <lfh* 

oal*'. srauzy texture of lh»* wiiijrs aiitl th<» softness nf th«* ImmIi**** of th«'v«* 

ins«*cts Would scarcoly i>«Tmii th«*ir pr»*MT\aiioii in th** r»M*k«». !h«*\ an- 

M»)»U'ntiful at th(* U>caliiy tlrst tiam«'(l that it han \ h'|(I('«| ni<»r*' than a 

Iniudivd spt'cimens which hu\<* lH*«*n «'xamin«M| li\ th*' aiitlior. A«» a 

whole. th<»s«^ TtTliary ^t'Uora ami s|HM-i»s <litriT m<rt»t r«'niarkahl\ from 

ihos*^ of lh«» pn*s<*nt day in tin* •rrt'al h'Utrth an<l t»h'n<h*rn«'H«» of iIk* hIij:. 

matic cell of the win;rs. In the piat*'S the for<' win^rnnf all our known 

fiissi] sp«*ci«*s art' Ajjunnl on an identical scah'. r«*v«'r*j'd wIm-u mMw«»»iMir\ 

lon*pres«*nt all (»f lln*m as N*fl win^rs. and wiih d«'fh*H'n<*n*«* in tin' oin- 

liuoKand n»Miration suf>i)ii<'d by conji'Ctural dott^'d lirici*. K4'*>id*'*» T«'r. 

liary Aphidie in Kuro|M*. two or thn-*' h|»«TinH'n*i of .M«'«M*/oie t%u** ha\i' 

b<Tn found in Kn*;land: hut tht'Si* m<»stl\ ar^ alli«'d hi pr<'M'nt ifcni'ra. 

m»i havinir th»* extraonlinarv features of tin* Ani<'ri<'an foH»»il form*». 

%* . I . 

(iranitfM and ijrteu*titui»: a nrrit* nf taltl/m fur uttttl^utM itf /t*/n>tmjf/. |(\ 
Fkaxk IUtlky. (8vo. 4M pp.: I>in<ion. Thoma** Murhy. IKJMj Ttu- f1f«.t 
of the tables is a tabular classification t»f eruptive rof'k**. in which fhf 
••sseiitial minerals of each r<K.'k a p" place«| with the name. Kollcmiiii: 
ihis the various rock structures are defhM'd. and a «»horl deM-rlptlon of 
•'jich r«>ck si)ecies i.sjriven, the deM.'ription in^ludinif not mu<*ti more than 
its place in the scheme of classification, the strueture and the en^'niiuj, 
accessory and s<H*ondary constituents. The la<»t tahh'<« an- th'termina- 
livj" mineralojrical ones: they <litrer from oth'-r tables uf this nature in 
that chemical formuhe and sji^.'ciflr (fravities are omitted, and the ta- 
blt*s are cleared of other matter which «!o«'S not rejat*- to simffle micro- 
!^oj»ic i n vest i if at ion. This little \M>tfk will pro\e useful to students and 
I'^achers: one of the features which esiMTiallv eomm^'uds it in im easilv 

mm ■ 

acci'ssible and concise descriptions «*f the various pm'U sj^Ties. 

I", s. o. 

Oh thr tmnded ntrueture of mtM. Trrtiary tjahlfrtm in thr Imtr of Sky/. \\\ 
AfiCHiBALD Geikie and J. J. H Tkall. (Quart. Jour. <;«^d. Hoc.. V4»L 
JO, pp. 64.VU59, pis. 3ft-28. Nov.. 1WM.| liand^l structure)! »r«' known in 
bt»ic igneous rocks from several localitieM. fierhafm X\\*' h*^X d«'ve|ot*ed 
insUnces beioj^ in the gabbros and anorthonit^'ft of the Adirondack^, of 
Canida, and of the f.4ike Superior region. In th«f gabbr«#s of the Isle of 
^ye this structure, as shown by the descriptions and phot^nrraphs whirli 
iceompiioy the |Mper. attains a n*markable degree of fierfeclion. These 
Iktided gmbbrua are coarse-grained rrjcks compose<l of pyroxene, plagi<»* 
cUae. otivine aod titADo-magnetite: the banding is due u> a variation in 
ibe relative proportions of these-four eMential constituents, the lighter 
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I ••■ .' ,. • .' «■ * • ni..i»'»i»*'<* '♦••t^Niiiiii»:>.'' ami <r«»^'»r:H:: v»in»- 

'-' ,■'.■ •' '* ii..i,'.»/..ii< ii'liTi»-»i iti »> Un^iii. Iu*;i(!il: iiiiU in- 

' ■••■ I ii , I,. !..M 1 .i! m- ,tr<:iiiiii*iit.'^. winrij. I.fr -iirti 

• < !•■ ■ . ■ . !■ •■ !<ii..i\* : »u. .tul»)iMM. iu{i\ iM* l»ri»'t1^ sum '2J«r:/»tj 

I ' M. I" |>i < III • I . ■ < r< |»ii,i.;i>|/i|tl (LtM'i'Niiii- 111' "fur i«r*'-< "»nj*>ri.iii 

'•'»" I- ■ i> ■ II ■!. I ."I ,il<iiii/ <! I \ 1-1 ^I'lit hin'> I'll' I hr»*» •■»ri.l»-r^. N;iiitil- 

■»•' ' A mm ii.»i,i. ., ,itiii< nil 'Hill',! Uttr III- 1' > 1 1* rill fi.*r ! M*' J >i vrAti** hiatal. 

Ill I I.I 111 I. n iii.iilii! mill iv^ii ]^riiM|i>. I'lL*' :tj whii'h rri»* |»r«»l*>- 

■ " I' N t • ' i\ i . » » I v !••• in«l I- iiliiky t liiT Ii»>i . I Mi-si- af»- iii#' Njiiiril«»jd«'a. 

1 ■> -III i I. I.I I i(.>ii;;i i tiiii I ,il4'.ii'i'i>ii> (/rwi<M'«/fii'it Afiil li:t\i* r»'laint*tl 

)> nil ) .\-ii. ill. ill il rmiiil aOfiul H. •»■' t-tif*t<rM*f| witliiti N«'t*Mi)<lar\ 

• i i !• lit- < ill Uti \itjiiiiiiii*iil*-.i .4ii<l < ••(•'tiiili-A. Th»* ith>«'r\a- 

"-" It til . I- 1 i> • X iit.i.i. ill lit! iii>< I sik>» i#f n\s |Ht|wrs miiitMi*' »2r9iiii<t 
>i" )-i I ■ >i< i- tiiii ii.i^i liiiM't hiviitil aiiAi'W. hill I cjinn>«: h*'l|* 

• •• ., ii-'i i>> i>.iiii<i -< itt Miiiiii III iM r^iliir |irtH*rii'»lr3iii ]T-:A>Bt':>'h. »> 
••' i>^» I . I ii. I . J it.ti.>|Kit|.t ii.tM'il ii|Htii ihi' ilr^irufl ihi'v* • "' '.'• 

, . ■ . I •» » • I . ■ y. ^. ,1 N..|U. * I »»i * Uf lulu n»i> iJlJfT f\ j»i* r-i"*' » *►■* t'l- 

\ ». I , 1- .,, «.*.M..< i»^ \\\\ \\\\\ ihi piNO^Vii^q-rh »")f">*r" >•! i " • 
. . ■ , , , ■•- ii.1t , I \y it,.','. ,#» Ai««l I hMl I 111- viTtJif-^ *.'^ « ^*.*,-"- r. « 

• ) I >^. . . M.I f.-«|V. I jiiimI . » iiMfii K»i ti r. '!> n* !■ ».'*'n«'i i Mi 

1 • ,, > ,1. :« I 1^ i. !!..». il.. . ♦ iihii;*! i»iiMi:-«i »» 11* 

I ' ■ I 

*,M I .11, ^ I . I. I .•.ii,ti'*liiii (III II :i' i-a;** 

' ■ I « I ..•■ I ..•'*.»•'' '"^ -<>l*< V •• V iwi.lihu. M ir- *T'*Mi:r''(|t' ■ 

I » ■ ' . I 1,^ -» ■ -»i,iii. «« ^-■•.'. ii».iii r!« ^i-uf.M ■lani' •■■ 

» , ., I ». ■». .., N I. .1 '^•k.*•t^« »• \\\ ;*- */•*/•!•.»-, i*^. i;ir> 

• . I . V •» »v .. I«. liN 'iiM »H M«'.'imM **Ul ;.•• 'f^i 'V' I 

.. .1 ■ , ,. .. * »..»v. it 1. !\ • .\\\%:\\ liM* ^xi'-,"* **i.\iM#J.l .;'-r-i| ' !•• 

-, . .' ..;■.'• .■ I*. ' ..>» >k •»■ »ii<» I iv,ii- ^4j»r*ii WXkx ■ * .iii«*r:\t 

•*^ .... ... .V , "I. ^. i'.'.;-;^ . i 4':».» »• ..*.i»*;iit *- • I -i»« "■.*.^5r». '.n»ii ' •* 

« .'..I*. ..II ■■,«•.*» ■.-■•'•.; ^ • -\ Il f%ti**H.t *'n^ i: uu .. (!■"****" 

^ ... . . . ' .1- -.. »».. \ ■■» .. •».» .f'^-ivi M»»itiit ■ I ' :n* r»M; *»> 

.-. . . ..• . . ■ . , .^> "^- V.'*4 » ^4UiiiiT :^> .jmT».mi»ii> 

. -,;^ . >^ ,..;. s.. % n*fh ••••* t . *T- ■ lio*.-* » *»i 1 .'*in .iuu 

. ^ .. ...-<>., . Uj»v . ••. f>*^' *...«^«*Kili^»M |.ni«Lr»n:t-. . nil 

.. . , ■ ..; .» ^.li^ . fc«..; »■ 11 ,**r#4-C»«i* > !Mlf.««.l»*f> '. 

^. v^,^ --- . ■;^..•..^. ;» • I ■•***■• ' » ' lit* ■v*)fc..-'«l»tMU '• -:rtk '■ 
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Hills. Proc. ('oloradi> Sci. Soc*., P2 pp. 
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Mainicountv, California. (J. .1. Hindi*. 



CORRESPONDENCE. 



"(.'EiMiALOi'oi) He(jin.nin(js.** Iu the 1 Vccml>«T (IHtM) numlwr of "Nat- 
ural Science.** Dr. F. A. Hather'has K^-neroiisly devoted consid(*ral>le 
^pucfto a critical review of some of my recent pa|M»rs |H*rtainin^ to early 
stages of ccphaloixKl shells, all of which have been published in the 
AnEKiCAN OEOLtKiiHT.* So important do the primitive shell-characters 
In lhi» frn)Up of bi'in^s api^ear. that such a review from so well-e(piip|N>d 

The Protoconch of Orthoccras, xii. pp. 112-11?. 1S93: The Karly Stajrei *)f liaotriti'^, 
^'^•PP- V'^l' ^%K'- Nanno. a new Cephalopodan type, xiv, pp. 2o5-2oH. 1S94. 
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colored bunds b«inp rich in feldspar, and the darker rich in the ferro- 
magnesian constituents and magnetite. There is no essential difference 
between the different bands as regards coarseness of grain, and the in- 
dividual minerals interlock with each other across a junction line just 
as they do in tlfe central portions of the bauds. It therefore seems im- 
I)Ossible to account for the banding by the successive injection of mag- 
mas of varying composition, and, as cataclastic phenomena have not 
been observed, the authors conclude that the cause which produced the 
banding must have operated before the crystallization of the minerals. 
They consider the banding as the result of a heterogeneous magma. The 
analogy between these banded structures in the deep-seated basic rocks 
and some of the bandings in the ancient gneisses, especially the Lewis- 
ian gneiss of northwestern Scotland, is clearly pointed out, and it is 
shown that the causes which produced the former may justly be con- 
sidered as applicable to the latter. **Iu view, however, of the undoubted 
evidence of secondary dynamic action in many regions, and in the ab- 
sence at present of any well established criteria by which we can in all 
cases discriminate between original and secondary structures, we are 
not yet in a position to define the exact limits within which the hypoth- 
esis of the intrusion of heterogeneous magmas is applicable to the ex- 
planation of the Lewisian gneiss.*' 

This paf»er presents one of the many facts which, in recent years, have 
led most geologists to conclude that many of the parallel structures in 
the ancient gneisses are not necessarily due to original sedimentary 
deposition, but can be explained equally well, or better, on other hy- 
ix)theses; still, there remain some who find it difTicult to consider band- 
ing in gneisses as anything but good evidence of a sedimentary origin 
for these rocks. r. s. c;. 
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'Cephalopod Heginntnoh." In the December (1894) number of ''Nat- 
ural Science," Dr. F. A. Bather'has generously devoted considerable 
space to a critical review of some of m^' recent pai)ers pertaining to early 
stages of cephalopod shells, all of which have been published in the 
American Geologist.* So important do the primitive shell-characters 
in this group of beings appear, that such a review from so well-e(iuipiH»d 

•The Protoconch of Orthoceras, Xfi, pp. 112-115, 1893; The Early Stages £i{ Bactrites, 
^'^tPp. 37-43. 1894: Nanno, a new Cephalopodan type, xiv, pp. 205-208. 1894. 
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AH rf*m%\\\\f%K ,n my >ii^*frMrul pap^r .iiiil »*vInl•^*^i :v»i.h in its* pr»»0)f!»»a«!h .irnl 
ih»» iy»«citinn '»f lis -»»pi;il fiinnHis iliHinifTly •vtiuMr't ir.t orthtMiHnn affini- 
ti»»v Th»T'' ,ir" '<»ini»* -lol** -iiriH?* 'i|»«jii tli»* ••vitipnrt* aiiiiiict^i h\ m»* iti 
r'*5fHi'd i«« r Mi'M* jjr<iior'iiii*iiM wliirii ii wiil ^h* [>^rrin»*nt n«»w to tlirvM'i 

THh •.T^hor'Tari «'iiar7i<'i.T wniirh. :!i ••nntirmaritui 'jf t.li»' views .»f 
««)m*' of nil* <#i«l*'r ;.Hia>fifth)i(>';]>»rH wiio lint'W tii*thinir ^f \\ji pn)tiK:onoh. 
I JiMffifv*' fi» lUifiritfu. hin'4«*H r4» '♦•im** ♦l»".rr»*»' iiih>ii th»* !£»»n»*ric char:iri»*r 
of th«» pr'^it«»fonr'h-l>«'ann'.r shfll r»*irarfi»*ii by mt* jis tirthtM'mut. Ii has 
b#»#»n >«ir'»Hil;. ••xf»la»n#M| ihat rhiH I'ttln pniro<!«)nch with rhf* first two 
««*»pta affar.hfd. wan fouinl in a l>*vonian IimH?»tont' «Siyli«>la Ia\>»r of lh»' 
f#t*m»H«»»» <4hal«*Mi. r.har iiM ir»'n*?nii a-tpecr. th** oinriiiar cooch. the c»*nlral 
piHtttion of fh»* mpho on rhe l;i.sT. Hepr.um (I havM shown that it is lateral 
in fiftrtriJfji from th»* v»*r> beifinnin;r»an«I th»* ab»enc»f of any deflection c»f 
\h«* ct^neM AM \u rip' A m monoidea, in<!hi<linir ♦*vpn Min^trertta and vlg^miVi- 
/«jt«r, ail maU*' for Ortlmritriui. Wh«Mi my ih-scriptioo of this fossil was 
rtrwt pn'fmf'd f vrnriin'd t«ia.Hk Prof. Hyatt t4> examine my obs«*rvations 
»nd flrawiniTJ*. feflinjr fhat in *• doinir f t«M)k the case directly to the 
r.oiifi- <»f laMt renort. If. was not the (PrthtH-inriiM of his observations and 
he r.frt^ifily expresH***! himwrif at first as doiibtinj;^ the perlicenco of that 
jfi»nerir. ri^f'-rence, Mtill roncetlinjr many of the orthoceran characters of 
the Mperimrn. His position in r».*)pinl to it then was similar to that of 
Mather now. involving even the sujr;?estit)n that, as it was quite palpably 
not the pmtoconcli of a i^oniatite, it mi^hl b«^ that of some otherwise 
iiDkhown amnrtoiioid i^enus. This argument is a geixl one either from 
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iho |Kiiiu of view taken then by profess<»r Hyatt or now by Dr. Mather; 

but. though appreciating its pn'mises. I am nevertheless impresst^d by 

ilss<?rioiis improbability. The possession of this fossil was not a mere 

inrident. lU* assiduous effort and bv everv mechanical and chemical 

contrivance known to me, I have for manv years endeavored to wring 

ihe fossil contents from this heretofon* little studied formation of the 

<ifnes«M.' shales. This is one of the results, and while, among the others, 

cephaloiMMl protoconchs and protoconch-biMiring shells abound, it would, 

\ submit, after this protracted effort, be somewhat less than likely that 

Jk genus of cephalotxxls in these faunas should still be known by its pro- 

toconch alone. There are hi^n' Mantii'orertut, Oephyroreran, Tornocerait, 

and pi*rha|»s some? other forms of the goniatites. Clf/mrtn'a, Ihictriten^ 

(iompJtttrrrns and Orf/ntcenut. The iwssible variations in the form of 

the protoconch within the limits of a group of allied genera or evi'n of a 

given genus are not yet satisfactorily established. From our jiresent 

knowledge and presumably, they are not great. This ])rotoconch is 

assuredly not that of any of the goniatitine genera mentioned, nor of 

Cij/nifnia, which I have fully described, nor that of liartrituM, unless 

thes»» primitive shells vary in all es.sential particulars with the s|>ecies. 

One may readily admit the suggestion of leather that many of the 

things termed Orf/i<x*<Taj» may prove to be somethingel.se than typical 

orth(»cerans: I may, however, remark from my knowledge of the ortho- 

r«»rans of this fauna that they have not evinced anv dissimilaritv from 

such typical forms. 

A recent expression from Prof. Hyatt conveys the impressitui that the 

facts above .stated and the evidence from the fossil itself which h<' has 

since examined has somewhat m<Mli tied hiso])inion. In his latest and 

v«'ry n*markable pap<>r, the ••Phytogeny of an Accpiired Characteristic," 

he writes (p. HOI): "Clarke has recently shown that a straight, Ortho- 

ceras-like shell may have a complete egg-.shaped protoconch liki' that of 

Hactrites. His form certainly has the characters of an Orthoceras, but 

the protoconch is large and like that of the Ammonoidea. The shell 

may b«» transitional from Orthoceras to liactrites but is probably not a 

typical form of Orthoceras." At this writing 1 believe that Pn)f. Hyatt 

did not have before him my account of the "Karly Stages of Hactrites," 

and I must here rehearse the fact, the? force of which Bather himself 

s«*ems not fully to have recogni/.i'd, that the whole and entire argument 

for H'garding BnrtritfM as a straight ammonoid shell rests upon Hranco's 

determinatiim (»f a }fimorrran-\'\\Ki* I»rotoconch in shells which he heliecni 

ta hr Ihi etrit en ^ iniX whose mature characters were unknown. Herein 

the material described by me has a decided advantage: it was abundant 

and its characters at ev<*ry gn»wth-slajie from ince]>tion to maturity are 

known, its later pha.ses showing it to hv in full agreement with the 

sjiecies ujKin which the genus was founded. Disavowing an\ intention 

of casting doubt U{K)n the observaitions of Dr. Kranco. I think it clear 

that the /^/ir/riY^* which have been d<'scribed by nie are a step further 

awav from theCioniatitinie and nean*r tiie nautiloids than the MinHK'ciuiH- 

like shell descrlb«*d by him. The New York specimens »if HnHn'tt« 
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itui\t\\i\'i \i^t '*f W:*-. f»Mr!in:rT«»n lini»*^'«Q»*^. and that »'n«^i«»D Uiok placM*. 
fi,\\trN»f\ l»v ;i r»-tj»'V»ai »f <l»-ri*>»»ir!«»o. [ will n«iir d»'scrib«' sinita Ivinsr in 
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U.iM fI"fi«#M.f»»i ^ri<] fhar rh- ifjcliuarion i'»rh»* r»**ull *^ [►revious »Ti)sioii. 
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DEVELOPMENT OF THE CORALLUM IN FAVO- 
SITES FORBESI. VAR. OCCIDENTALIS.* 

Bv (iEOR(;K H. (JiRTY. Ncw Haven, Ct. 

One American representative of Fttrosifea J'orhesi from tlie 
Wenloek limestone of Enjifland is the variety ocr/</e///if//.v. The 
type specimen described by Prof. Hall in lS79,f as well as the 
material on which the present paper is l)ased, were found in 
theNia»^ara shales of Waldron, Indiana. 

The varietal diH'erences in these two forms are considerable. 
In the American species tiie c{»ralliim is small, usuall}' not 
over <) cm. in diameter, and the shape pyrif(»rm or hemispher- 
ical, thus differing slightly from h\f<n'b('si. The individual 
cells, moreover, vary from 1 to li mm. in diameter,! while, in 
the English variety, they range from 5 to 2 mm.* In the 
original description (»f F./orhesi, Edwards and llaime do not 
mention the character of the mural pores, yet the figures in- 
dicate til at these are snuill and closely set, with ten or twelve 
rows to a corallite. In the variety itrcidcntdlls^ however, they 
are of large size and widely separated, both laterally and lon- 
gitudinally. It is rare to find more than one row between any 
two coral I ites, and occasionally none appear to be present. The 
strongly pustulose character of the cell walls seen in liritish 
specimens has not been observed in American forms.g 

*Acknowh»dgemenls are tliic Dr. ('. K. H»M«ch«T for tin* iisi' of material, 
as well as for valiiabh> suggestions in the preparation of tliis paper. 

fHalK 1879. Oeolo^fv of Indiana. II Annual Kepoi-i, j). 'n\K 

tFMwHrdsand Haime, l8.')0-r)4. British Fijssil Corals, p. •».')!>. 

JsHall. 1870. (ieoloj^v of Indiana. II Animal Ileport, p. 'iW. 



IT an i' .ni.vr.uTTr, 

fwii afTi'iMrnh. ,%!nht'>»i4^ rli»» cwo m/iM^*^ o4! growth, asn*- reallj 
l4**nttU*^^i.. tf''»r '*i'»nv»^au*^ii»rH oiii* t6»^»H09aifHiti »>€ ♦iaiHi will bi^- 

<nr*^ai«^ rif xh^ ^ns-Urftj hill:* Iw^n -n^pifcnbCi^iA mt*^ «Lflf<^nMit *tjigies. 

|;^^t*, ftA-o> Ivi^U *?*►- itttTf'AMe'^ ns^prUirLT la ttfe*- aeij^I** birtween 
*M^^ f^fff^Wit^^. Th^ pr»«rti<*>^ l* tfi^x a Litfli?- 1<»§ determined 
wh^^ (tb^ fj^ji<t<^ jkr^ ia€r>idni#^tNi atx^^st tbe peripiierT instead «>f 
%n fb^ ^j^yfir ffi tk^ #^j>r»If»ai, T1ki« babit. nearlr a:» much sis 
%\w p',%HU$m%ii*fXt fpf «peeioieit.^, ba.<4 l«d tbe writer to distin- 
^fiiAb diir^r#mt ^ta^«r^ in tbe ^r^^wth of joun^ eormlla and to 
MMl^ t/r ea#rh «tage later tban tbe Mipond a definite number 
of #?#'n.#^ Then^ fMirtieulam are at present minor details, and 
bav#5 little or no bearing on the main points of this paper. 

St>iok f^ — ^The iir^t «tage consists of the initial cell alone. 
Thift at firfft iff #?onical« but later becf»me« pyramidal or pris- 
ma ti^r in form through the pressure of adjacent coral lites. 
During thi«f *itage It is also slightly curved, so that a dorsal 
and a ventral side may be distinguished. Subsequent growth 
apfKjars U* be straight. 

Thf; initial cell is usually procumbent and attached firmly 
to some object of support. The side of attachment is most 
commonly the dorsal, more rarely the lateral, but never the 
ventral side. This upturning of the corallite is probably dut- 
to an atU-mptof the polyp to rise into a position favorable 
f(»r food and growth. 

Only twr> Hiieeiniens belonging to this stage have been ob- 
Mcrvi'd. In many young colonies, however, the initial coral- 
lite, together with the point of attachment, show plainly 
through the epitheca, thus rendering it possible to determine 
with Honic certainty the relative ages of many of the periphe- 
ral ccIIh. 

Stauk 11. — When the initial corallite has attained the 
length of from .5 to 1 mm., it gives oif four buds (6). This 

*lli«Mlnr. \HU\. Trans. Conn. Acad., vol. viii.. p. •^)7. 
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constitutes the second step toward the completion of the ma- 
ture eorallum. These buds spring invariably from the dorsal 
or attached side, for, at this stage, the coralHte has bent up- 
ward in its growth sutticiently to allow budding on that side. 
The appearance of the buds is rarely simultaneous, but usu- 
ally successive, and a regular alternation seems to be the rule. 
Occasionally in a very robust individual, the interval between 
the appearance of the first and second buds was much re- 
duced. As a result h^ and b.^ appeared simultaneously, and 
a little lat<;r h^ and />^. Each bud is connected with its pa- 
rent by a pore, and the connection is maintained and con- 
tinued upward by a row of pores. 

Sta<;e III. — The next step in the growth of the eorallum is 
the introduction of five new buds (c) in the peripheral spaces 
between those already existing. 

Stagk IV. — During the fourth stage, ten buds {d) are given 
off on the periphery between each of the older cells. 

Stauc V. — This stage consists of nineteen buds situated ae 
before. At this point the original corallite is completely sur- 
rounded, while further growth takes place regularly along 
hnes already indicated. 

The Interstitial Cells. 

As interstitial buds can appear only when divergence of the 
older corallites permits, the order of their appearance is sub- 
ject to great irregularity, but, in a general way, they may be 
said to arise, like the peripheral buds, in the angles where the 
older corallites (in this case three in number) meet. The 
subjoined table gives the number of interstitial and peripher- 
al cells regularly produced at each stage : — 

Stage. Peripheral. Interstitial. Total Periph. Total Interst. Total of all. 

I The initial (M'II. 1 

II 4 4 5 

• III .') :{ \) W \\\ 

IV 10 14 11) 17 :{; 

V II) 52 .'W ()J) 108 

The first set of interstitial buds consists of three cells, and 
is nearly contemporary with the third series of peripheral 
buds, only slightly preceding it. The central bud of the three 
i« often much older, api)3arin<5 lU'riri}' sinuiltant'oiisly with the 
nfcond generation. 
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The diagram on Plate II. figi»re> I. t, ''<^. 4, 5. represent 
stages in th«* development of Fnro*iie.* ftn-ht*i, symmetrically 
eonsiflered. 

Two groups may be distinguished among the colonies ju*t 
discuMsw'd. Jn one. the initial cell is strongly upright, with 
but a slight surface of attachment. From this there results a 
^orallum elongated in form, and much resembling a Tyatho- 
phylloid in apf>earance. No s[>ecimen with this characteristic 
has been observed still attached. 

The other form fpccurs in greater numbers. Individuals 
repre«»entjng it are found attached to crinoid columns where 
they ultimately form a ring about the stem. They have also 
bfren observed upon ramose forms of Bryr»zoa. The initial 
cell, as well as the fi\^: or six corallites next ppnluced, are 
prostrate upon the surface of support, becoming resurgent 
only when the first bud is formed. This variation seems to 
be the direct rej*ult of conditions which surround the coralla. 
As the acute-conical shapes were presumably in a phice less 
favorable for growth, they assumed an upright p<»sitioii and 
direetion. The other form, the explanate almost incrusting 
one, being thrown h\ chance upon an advantageous place, as- 
sumed temporarily a resupinate mode of growth. 

Thirty-eitxht eoralla have been found nearly entire, and in a 
state of gootl preservatiiui. The development from the initial 
c(»rallite through two or more generations of buds can thus 
be traced out with considerable certainty. Of these coralla. 
three were younger than the completed second stage. Of the 
renuiining thirty-five, four produced three, and thirty-one 
produced four peripheral buds as the second stage, and in ev- 
er}' instance, these buds appeared on the dorsal side. Those 
features, therefore, which constitute perhaps the only new 
and imprirtant points brought out in this paper seem to be 
-well <'Stabiished. 

Irregularities in the development just outlined are not so 
great as to preclude reduction of the whole to a general sys- 
tem. By cfimparing irregular colonies with more symmetri- 
cal ones, an ideal law may be detected toward which all are 
tending. And so the word law may be used in connection 
with the development of coralla. but only in this sense, that 
certain buds habitually appear in certain symmetrical posi- 
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tions, while others sometimes accompany them, but without 
fsystem or order. 

In the development of these coralla, two elements can be 
readily distinguished, viz.: the initial cell with the four buds 
which it produces, making a well-defined group: and the true 
peripheral and interstitial buds, whose number and position 
are largely dependent on the number and position of the first. 
The character of the former group may vary in different spe- 
cies of Facosites. The secondary^ corallites may be more or 
less than four, and may be differently disposed about the 
ipitial cell, but the law governing the introduction of the 
other buds is both obvious in its nature and apparent!}" the 
«iHme throughout the genus. In Farositts forhesl the four 
secondary buds seem to form a constant increment of aug- 
mentation which each individual in the colony tends to per- 
petuate. Several instances have been noticed, one of which 
is figured on plate viii, figure 24, where a polyp, separated for 
some reason from the rest of the corallum,ha8 produced four 
buds from its dorsal side in the same manner as the prim- 
itive corallite. All the so-called irregularities have been man- 
ifestations of the same tendency. That this number is in 
most instances reduced to one or two in crowded colonies 
seems to be due to the rapidit}'^ with which one generation suc- 
ceeds and closes over another. 

In the appearance of the first four buds, no one order pre- 
dominates. The four possible arrangements have all been 
observed, and in nearly equal proportions. A few instances 
have been met where the initial corallite developed but three 
buds in the second series. After a careful inspection of all 
undoubted examples of this occurrence (plate vii, figure 20) it 
is evident that the two outer buds are the oldest, and that all 
three are of unusual size. The space available for growth 
having been thus defined and partially occupied by the two 
outer cells, and the inner bud, the first to appear, having 
usurped the rest, the remaining bud was forced either not to 
be developed, i. e., to appear as a pore, or to come in as an in- 
terstitial cell. 

In regard to the parentage of the peripheral buds as a whole, 
there can be no question, inasmuch as they are by definition 
external, and their origin and growth can be made out on any 
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well-preserved specimen. It might be asked, however, whether 
the buds whieli ultimately surround the initial cell are not 
immediately given otf by it. This does not appear to be the 
case, both from the long interval which separates their ap- 
pearance from that of the first four, as well as from the gen- 
eral law which governs the introduction of new cells. More- 
over, a purtiall}' developed corallum was dissected by the 
writer, by means of acids, and the basal pores of such buds as 
were developed were found to pass into cells of the series h 
and c, and not into the initial cell. 

The number of interstitial cells has already been seen to 
vary considerably, depending as they do upon the position 
and development of the other corallites. Their own position 
seems to be due to the general crowding of the colony. Those 
cells which are interstitial between the first and second gen- 
eration, spring from the first, those between the second and 
the third from the second, and so on. Not only has this been 
observed in the single specimen dissected, but it also agrees 
with the strong unilateral tendency which is exhibited in 
other ways. In general, it may be asserted that the oldest 
cell buds first, and that the cells of other generations send otV 
buds in the order of their ages. Thus the order of the whole 
corallum is in a measure predetermined by the order of the 
four buds constituting the second generation. The period at 
which the initial cell is completely surrounded varies slightly 
in different coralla. It is evidently dependent on the rapidity 
with which the enveloping buds, especially the final pair, in- 
crease in size. 

Specimens showing stages in the growth of Favosftes 

forhesi are figured on plate vn, figures 1-26; plate vui, figures 

23, 24 and 25. 

Fftt'onitei< situn'(jenis Hall. 

This species is less abundant, and less satisfactory for study 
than AVn-fAvZ/e* yV>r/>e.v/, although obtained from the same lo- 
cality and in the same preservation. In its development, it is 
closely allied to the species above discussed. The initial cell 
produces four buds from the dorsal side, as in h\forbest\ but, 
through prolific budding, these are generally separated by a 
large number of interstitial cells. Subsequent growth is more 
dorsal than in /'\ forhesi^ so that, in all the specimens ex- 
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nniined,the initial corallite retains a peripheral position. This 
peculiarity in the development of F. sphu'ijt'nts is illustrated 
on plate vni, figures 6-15. 

FavoHittit ronh'tis Hall. 

Only three specimens have been secured which atl'ord any 
evidence as to the earlier stages in the development of this 
species. They were obtained from the Delthyris Shaly lime- 
stone of the Lower Helderberg group in Albany county, New 
York. Figures 17, 18 and 19 of plate viii represent the lower 
or epithecal surface of these specimens, which seem to show 
the initial cell of the corallum, together with the cells next 
produced. 

The initial cell may be determined not alone by its larger 
size, for that character proves to be sometimes misleading 
when employed as a sole criterion for estimating the relative 
ages of corallit€S, but also by the shape of the theca. Where 
the corallites are all of the same age, or all mature, mutual 
pressure causes them to yield ecpuilly from their naturally 
cylindrical form, one not more than another. When different 
ages are represented, crowding causes the younger cells to be 
more distorted than those older. Consequently, in a section 
taken across the corallum at a point before the secondary cells 
had reached maturity it will appear that the initial cell is 
comparatively round, but the four secondary cells, while 
rounded on the outer side, are laterally compressed, and abut 
squarely on the initial cell. A third consideration to be en- 
tertained in orienting young colonies, in default of a better 
wa3% is that of symmetry, which appears to be a constant fac- 
tor in the development of coralla. Thus, when the character 
of the material does not permit of determining the initial cell 
and the relative ages of other cells by observing the point at 
which each makes its appearance, these essential facts can be 
ascertained with a fair amount of accuracy in other ways. 

No examples of Favosilatt contcns have been obtained which 
represent only the younger periods of growth. Specimens, as 
usually found, are unattached, but in each case on the under 
surface a group of cells occupying a central and apical posi- 
tion are broken. These cells represent the cementing portion 
of the corallum, broken when the latter was detached, and in- 
dicate the number and position of the primitive corallites. 
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Thi*« «T>nHiil»»nifion. roj^rher with tho»*f jtbnv** ♦•nuraerareii* 
alforfi f» fairly ai*f»unir#* i1ert*niii nation of rht* yoiinm^r t'ells 
and f h»»ir ^oiipinjif abimr the initial ceil. 

Th»» ftpv^lnpnient of the r*r>railiin] in thi» sptfies -at^niH rt> 
he e«mentiaily the ^anie an that of Ftimttit*** finrh»'xi. Thit* is 
mo««r apparent from ti^ire III. plate viii. The initial <?ell pn^>- 
dneew four hudt» from the dornil r»ide. a» the Jieeoml generation, 
and ultimately heroraef* !*urrounded by individual}*, whieh are 
not, presumably, ^prunj^r direetly from itJ»elf. In figure 17 
the normal number of bud« belonging to the seeond genera- 
tion irt apparently increased to five, but the extra eelK that on 
the extreme left, i;* ?»o -imall in the eomparison with the »>thers 
that it !*eemii justifiable to ref#*r it ti> the third series*. In fig- 
ure IM, on the contrary, the '•eeond generation :»eem!» to be one 
nhort of rh#* u^ual number. A large but unbri>ken individual 
on the left may reprej^ent the miftt»ing eell. 

The !iipeeimen-» here under dij^cu!*f»ion. from the the <"ornif- 
erou?* limei«tone. are referred doubtfully to the species F. 
henfi)*phe.ricttM. Their small size precludes the possibility of 
comparing them flefinitively with the large choral masses which 
*tre cIaM{i»ified largely on the form of the corallum. In this spe- 
cies the development in its early stages proves to be identical 
with F,forhe)*i (plate vin, figure Irt). The growth of the co- 
rallum has not ^>een followed to the stage where the initial 

cell is inclosed. 

Dbsficvatiox!*. 

Perhaps the most noticeable features in the development of 

the cr>rallum in Ffironites is that the initial corallite gives 

rise to buds which are (/) four in number, and [J) all on one 

side (dorsal ) of the corallite. Moreover, this tendency toward 

unilaterallty is persistent and results in the fact that not 

until the frnirth or fifth generation does the original individ- 

Ufil attain an inscribed or subcentral position. Four species 

(»f FnvnHih'H have been discussed, all belonging to the globose 

or pyriforni variety. They come, moreover, from four dis- 

tifK't liorizonK, yet tlj<* essential feature of their development 

a|>|>('nrs to clmrHcterize the pyriforni type of growth. The 

<'oncliision s«M ins warrnntrd that this feature remains constant 

tlimn^iioiit tin* ^rniis in tlu? hemispherical forms. The fol- 
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lowing explanation of these two elements ( / and ^) and their 
origin is suggested : 

An initial corallite which gives ott* in suecession six buds 
equally distributed around its perimeter is taken as an arche- 
typal form. Then, following the mode of growth observed 
in Faroitifex /orbe:ti^ before the secondary corallites are large 
enough to bud, the divergence of these cells allows six int<»r- 
stitial buds in the six corners, thus decussating with the sec- 
ond generation. 

In the third generation, the inherited tendency would be for 
the six members of the second generation 'each to produce six 
buds. The diagram (plate viii, figure 21) represents tho con- 
dition of the corallum at this pyeriod. It will be seen that, 
owing to the interstitial buds, one side of the corallite (h) is 
appressed to the corallum. As a result but four buds can be 
developed normally by each individual, the two others exist- 
ing in potentid as pores, since pores and buds are fundamen- 
tally homologous. This process is repeated by each member 
of the corallum (except the initial cell) and at each act of 
gemmation. By accelerated heredity there would finally re- 
sult an initial cell giving off four buds on one side of the 
polyp. 

In the suppositious corallum above suggested, the initial 
cell was assumed to put forth six buds, constituting the sec- 
ond generation of the corallum. A little later six others are 
produced, alternating with the first series and forming the 
first set of interstitial cells. The third whorl of buds would 
be above the first, the fourth above the second and so on, 
forming in this way twelve vertical rows of buds or pores. 
This fact shows a striking and significant identity in number 
with the almost invariable number of septa, atid therefore of 
interseptal loculi observed in Ftfroitifcs. Moreover, in F.forbeni 
the initial corallite at the first generation gives ofi* regu- 
larly four buds, then three others alternating with these and 
so on. This development, however, is on one side only, and 
if continued completely around the circle would give twelve 
radii of gemmation (see diagram 22, plate viii). In this set 
of coincidences rests the defense for choosing precisely six 
secondary buds rather than any other number. 

That the regular hexagonal form of the corallite rules 



■.iir':.M'jfn..'ir "h»* 'n rail in*- .- *riO»rv^nr. •Jrni-t- Thr- ner-ruinuri. 
•k«^ "Uat -h»* ar'jCaspTinat ♦y.nauftnr / La -*^r;* uad hkuiL^ it 'a*- 

Th*' '**^f n J* ti tut ton >>( tii& '*r>niiliini i* "Wiirh. a* r** fi*mi m*? tiuL- 
of ''^^h ;ftfli virtual c#i fail intty *t -jr fix vertiirai !t»w*. And 'lu;* 
in num mij^t atf#***t th»- *l#r%'ei«>piiir^nr of ^i^pta. f)u die -jaier 
Kanrt. it mny 'n^ nhj^^tf^i that for ch«? •^mi^ mMoa ettrXJMffriaal 
•ymm^trv miij^r prpr^ail ia ••oi« ►«!#??♦ of m^cnstf mral*. wherraa 
t^trami^'rai tym met nr i>> found t^> be th*? mie- Amoa^ che 
Jitff/oM*f, hftWffVfrr. burtdin^^ 'n* eith#rr iraljrrnau wtien* the !if»r 
of Ch#^ pari^nt i» t^rminat^i by zhf airt of jp^mmacioa. '^r. wrntn 
laC^rai, \^ not rit»uailj proiiti**. 

in F*froMtf*'.M on** of the mrHK notieeabie ft?anires of the ••»»- 
rallif^* ij« the mural fairer*, which extend in one '^r m«>f^ v»-rti- 
f%\ row-t aIon{( each face. and. apparencij. ^erred Di •i>nn«i't 
the vi^cerai ^'avitie» of adjacent polyp**. If a mar^ioal row 
be o^><»erved \x. will be found to run parallel with the ed«re f«*r 
a «»h/»rt riii*tance. then, apprr>achin^ it, D» pa** i«^ the other 
%u\f. There i?! n-^ually an enlarj^l p<^»re np<m the an^e frt»m 
whi^'h a biifl i-* pr<^Klncpci, triincatinjc in it* growth the eii^re 
of the pri'»m.* FV^r a ^hort di?*tance. the ^»ri^nal row remaia-^ 
«/>lifary up^in the new fac#% when suddenly one or more row-* 
are iniriarerl. apparently by the young bud. In other word*, 
the f>/»re*» *'Xtend upward in parallel !»eries. in an irregular and 
exN-nderJ spiral. The bend in the line of pores apparently 
indieate?* a ••light twi*iting on the part of the corallites, which 
rnay ^>e cine to the ten«*ion of the bud in its etfort to acquire 
an upright f>o<<iXion. To thi>» cause is very likely due the in- 
t^frrnerJiate anrl alternating position of all the young celU. It 
womUI fhiH follow that the calcified and consequently immov- 
able (Kirtion of the corallite rlid not extend as high as the 
hinge point, of the i»c»re line when the bud was given off. It 
i<4 not «iip(>o«iefl that the ?^piral movement of the pores was 
jirodiic#'rl by a continued and slow revolution of the corallite. 
Th*' introduction of new neries with new buds and the disap- 

*|W<r|.« r. H'.H TrjiiiM. Cniiii. Arjul.. vol. \ in. p. 2ir». »*l. s»m|. 
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jv-iiraiK-e f»f the old on€*s nii^ht givi- tliis impression, while the 
vieldin*! due tf> tension niav he oiilv Iik-hI. 

The exist^'nce of rows of pores on all sides of each cell has 
no bearing on the question of the unilaterality of that colli 
nor is the number of rows a key to the number of radii of 

• 

irommjition. Any or all of the pores may be developed from 
jidjarent rorallit<*s. It is not assumed, however, that buds 
are necessarily produced on but om* side of each cell through- 
out the corallum, although no instan<*es to the contrary have 
been observed. If a complete j^emmationd<H»s occur in Faro- 
-*#7ejr, it may be repirded as a reversional manifestation, and is 
to be looked for in senile or patholojjic individuals. 

How far the development observed in Ftfrosife,^ J\*vhes$ 
holds gCKKi for Farosifes as a genus it is dilticult to deternnne. 
1 1 seems probable however, that in all the glolx^se forms, tbe 
tlevelopment is one-sided, and that the four cells, which may 
be termetl the increment of generation, characterize the de- 
vt-lopment of coralla of this form. Variety niay occur in the 
i»rder in which these cells are given ort\ and in the |H»rsistence 
with which they are reproduced. On the basis of their mode 
of growth, Kavosite colonies may be roughly divitltnl into den- 
droid, explanate, and globular or hemispherical forms. 

The growth of the globular forms is essentially railial. The 
interstices which consequently arise are filled, as fast as they 
appear, by new buds, so that at any given point in its growth 
the corallum abounds in small, immature calices. It is con- 
•(•eivable, however, that the divergences might be so distribu- 
ted that all the young cells matured simultaneously, before 
any new ones appeared, or even that this might occur period- 
ically. In this form the number of peripheral huds is com- 
paratively small, and after attaining a certain point, the cor- 
allum depends for its increase almost exclusively (m intersti- 
tial germination. This point is reached at an early period, 
and is determined by the form of the object of suppcu't. When 
the peripheral cells rest on the surface, further increase by 
the introduction of new ones is clearly impossible except^ 
perhaps, laterally between the old cells. In that case their 
character is uncertain and their numher small. 

With the inerusting forms, it is far different, as the growth 
■of the corallum is peripheral and the introduction of inter- 
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iititial hndr* fortuiroii!*. rn.^tead of b♦^i^g^ «iiver]2^nr, the ••t>r- 
allit*^5» herp are parallel and <n>ntigTiou>f. 

In the branrbinaf varierie?*. however, the jrmwth. ajr »leter- 
mined by raarure -•pijf^iniens*. i;* exiHinHvely hj interstiti.-il 
gi^mii nation. A.** can readily b«* -^een. thi», pvineii to a limi- 
tetion in the length •>f each corallite. would pn)4iu«*e a tnink- 
like eorallum. the branehinj^ b#?infr «^tfe«?ted. by the oritffr»>wch 
vtid prolonji^tion of a number of <?f)rallitei» in a b«Mly. Ther** 
M no permanent apieal bud. biitoneai^amet? a<»entrai po?5^ition 
frtf a time, and then ^werve<» outward, terminating at the 
perimeter, while another take^ it* place. P«M»*iblT btftin^ation 
of a <tem mar result from the detfection «>r divenrenire of two 
celU of nearly ef|iiaL :*ijEe. haTing a central p^i^ition. 

The hemi:»pherical form?*, therefore. *eem, in their m«Hie ■>f 
jprowth. to -4tand midway between the explanate and the 
branching" form^. The:»e coralla have no pn>per limit **t 
fprowfh. and the -iize which they attain depends* largely upon 
e^iternal phy-'ical con<litionj*. A?* the dendn>id !*hape seems 
ti> be a 's»ub«*efjuent -^p^-cialization of the pyriform variety, its 
earlier development wiiuld pn>bably agree with F./in'h*':ti. 
while \y*X\\ form*, the globo?»e anil the dendrtd<L pass* thmujrh 
a more or le^r» explanate ^tn^k^. The explanate and arb^^res^'ent 
varietie*. however, have not been investigated by the writer 
in their earlier -tage?*. The nttinities of F*tv*t^if*!3t as deter- 
mined by it* m*^Kle of growth would seem to be with Af*h>p*'rn 
and Uonthff/erio rather than with any other genera of the 
Perfoffitft excepting M ifUt'.littin and PUtn't}*li*^t!iyM. 

Like PUin'otlirhjtnn, F*tro)iit^ji passes thn>ugh anauloponud 
i»tage* repref»ented by the initial cell. When one or two sec- 
ondary cellw have h>een added, the corallumcan still be likened 
to two aulo|>oroid cells, where, the stolon being reduceil to n 
mere pr,n% the corallites themselves are brought into close 
appo?<ifion. Kven a large favositoid colony can. in the same 
way. be coinpfired with a colony of J *//o/>f>/v#, although in the 
latter, jim fnr as known. >o nianv as four cells are not budded 

» 

from one individual. A further point of similarity is estab- 
liwhed by the fa^'t, that, in both genera, the individual cells 
produce biuN on on»- *ide <uily. 

NiehoNrin smd other writers have apparently ignored this 

*rir^t (K)iMi«<l Mui 1»\ l'.»»rh»r (I. c.) in cnniH'Ctioii with Ple*innUftjtntn. 
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rriati«»iishij> of Ai'htfutvfi, althou^li SjiriiKn^fiorfi is rcfern^d t(» 
Thf 2't rj*>r*'fii. iiX\<\ St/rittf/o/Kprn likewi<»f ]m*«*»(*<J thnmp^h fiii 
A"l<'j**'ni star:*' in which the whole colony is prostrat(- and at- 
Tarbed. C>n t.l>f' other liand, allliou^h the irf'tiiis At'fttftnvn 
i»ear« an outward re*>enjblanee to certain forms anion^j the 
Airf(..nftrt*t with which ^rouj) it has been customarv t<» place 
it, the cell walls in such colonies are characteristically formed 
• »f c»»ii<w»l)dat^d spicules, while .1 ///oy^oyv/ shows no trace of 
^uch structure. Attht/forft cannot strictly be call(<l a p<'rfoT 
at^* coral, unless the creeping stK>lons* are equivalent to the 
atrial stolons of .s'//////</(7*'>/v/, which are h(»niolo^ous with 
pores. The c(»ralHt^s of AnhtfHtra are seldom adjacents but, 
when at rare intervals theT are found in contact, this feature 
has ni»t been investipit^-d. As the corallum in Voiutsifvn, if 
spread lat-erally and distributed ahnig a plane, can be likened 
t^» an aul(»p(»roid colony, so, if continutni upward and looju^'ly 
<-onstruct-ed, it would correspond ix) a roniin^'rii>id colony. 
This w<»uld \yt especially true of the primitive form assumoii 
for F^^r'ndfru^ in which the Vmds are cieveloped in a C(wnplete 
verticil. It mav be that Fumsitrs an<l Hiniu'mjt rin have a 
e<»raiiion ancestry, and that while the open construoli<^n of the 
corallum in the latt<'r jjenus permitted the individuals to re- 
tain their svmmetrical svstem of buddinsj. Fftv<tsif(s assumed 
a compact mode <»f f^rowth and be<'ame unilateral. 

}'*'/#' I' Hirtritifij. Xvtr //firrn, i'mnt.. Afn'ii J't, 7.V.''{. 

KXIM-ANATION OK TKATHS 

ei.ATK VI!. 

Fi«irKKl. .An initial coral I ilr of /'^/''<»v«»V*^ r'fT^rx/ whirh ha> noi i\v- 
v*>Io[»«*(l butls. I*att*ral asfwct. X 1. 

t'loiKK 2. Th»' sam«'. Vi^w of xhv vn\\ \. XI. 

Fi<;rKF: tJ. Ftntmilett forlnni. Tlir \<>uni:«'st eolouv found, in which 
t)iit two bud.s havt* 1>«m*ii ih'VfioixMl of tin* four whieli usual) v rt'|>n»Nonl 
th«' s»*cond ffencTHtion. X4. 

Fi<;iRK 4. Thf other sldf of tht' alxivo. XI. 

FioiRK 5. The same sjn'cim^Mi seen fn>m al»ov<«. showing' |>Ian t»f \\\v 
culony. X4. 

Fku'KE (i. A s|»ecimen of /'V/rr#x</rj«/«W/fv«/ atlaclnMi U\ tin* ^vwnX spiin* 

*The i>n>cumbenl attitude of Anhponi seems to be directly asstMMated 
with the ditfuse structure of the colony in that j^'enus. The stolons in 
Sffringopnra and the verlicillate system of buddinir in l(o/nfnf/triii illus- 
trate two modifications by which this ty|M' of structure is i-nabled to 
pn»long and maintain its growth vertically. 
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wb^re D»» int»-r»tiiial bii«U hav.- b»-^n il^\»-li*|i«*tL X4. 

*atmu. Th#- r#»ii^n\. whtrh r«Ki*i*i> «if r**!!* i»f lb** "»«»ft«i afi«i ;b:r^i >»- 
rir%. i* r»*ciiinh»'nt ari«i tv int*'r^ritial biMls hav^ b>^o «i^\»-i «f»-«l. > t. 

FrvIBC S. Am'th^-r •'3Lafnf'i>* **i Fnrmmi^ f**rhrM in which lb- f.«»ir 
irriHKiar^ corailir*'^ arnl s(»in*- **i th*- third s«*^ii^raci«»a hav»* a|*f»-ar»^i 
with'Kit any int^rr^titiat ri*n<^. Th*- i>id«r^t c»-il of ih>* thinl !««-rtir^ !< in 
thift ca5ie •'VMl«'nl)y «>icl*>r than ih*- youns»-st ct-Il of th«r >r-rt(0«I ami ii> 
pijfMtitjfi i* b»*iw«-*-fi /#, and '/.. . b»*in'r |»ri»habl\ ilf»\r»l«>f«t-«i fr«»in in- f«»r- 
■irr. X *. 

Fioi:ke 9. F*trtmiUM f*frh*^Mi. A rvcumN-nt th«Kj:;h tl»*lach»ni o»I«iny. 
c^mwstinjf «»f r^lK «»f ih** fir>t. Mnrttn*!. third and f«Kinh st^nt-rafi^ms- X-* 
inU^nvtitial bfj<i« hax** inad»' tht-ir a|>f)»'arancip. This f»*alar>* apfv-ar^ l«» 
bi» characi«»mli<r of th»- r^^.ximhfux forms, which, in th** paraliv-lism «»f 
th#r corallil*^ and th** ab?*^nc»* of int»*rstitial c»*lls. hi»ar a r»»s»»inblan«*»* i** 
colon i»i* of th«* ♦'x planar*' ivfi** when* lhes«» charact**ristics r»*niain r»»ii- 
»Uot thnnjj^h lif**. X4. 

Pmi'RE 10. A n«»arly n^umbt-nl c»»lony of F'ir»mii^ f^rbrm which 
had ^rown attsurh*^ to on*' valv«* of a Mrridinti mMUt. Tlie four c**lls 
of th«? iwHTond ^enf rali<»n hn\f b»*»»n developed. t«>jrHiher with rwi» or 
ihre*> int«'rstitial corallit^'v Enlar^*nl after Hall. 

Pmi'RE 11. FnnmUrM forhrtd, A Spec tin*' u in which ap|M*ar an iin- 
unnmlly lar<|re nunnb«*r of inti'rstitial buds. Th** number of s»*CMn«lary 
cellH is normal. X4. 

Fmm.'rk 12. An example of FitrtmUrn f*iHnrni \\\ wliicli the initial c»*l[ 
aD<l two of th** secondary coratlit**s art* <listin2uishabl**. Manx iut«*r^ti- 
tial cflls are pr«*s«'nl. X4. 

FKiL'KE 13. A \oun;: rolony of FarttMitrMforhrMi'm which The arraiiir^'- 
ment of the corallites is irr»-'riilar. X4. 

FlorRE 14. A palholojric S|iecimen of FtiriMtitrs farhfiii. Th»* walls 
an? thickened and one of iht- e«'lls el«>s»»«^hy an o|iercnlum. X4. 

Figure 15. Another exampl** <»f the sam**, showinjr cells of iht* Hrsi. 
fiec«ind, and third ifencrations. and out* central interstitial cell. X4. 

Fi«L'RE 10. A si>t»cimen of /''#ir<M//r*/</r^jr< wnich shows th»* sysit-m- 
atic fx/Kition of c<*lls of th«* first, second, and third •fenerations. X4. 

Fmjure it. -\ s|»ecim»'n of F^irtmUeM forhetti which well illustrates 
the roeth(Hl of determininjr ih»* relative ajfes of the constituent cell.s. 
The [M>8ilion «if the coraililes in this sjx'cimen is very symmi'trical. but 
more than the re^^ular number of cells beloiijrinu to the third s«Tie> 
havi! a[)f)«'ared. There an* no interstitial cells. The corullum was 
en*ct and attached i»m1\ at the base. X 4. 

FiotUK IS. Lateral view of the same. 

Fn;i;KK 11). .Viioiher view of the same. X4. 

FioruK 2lf. \ {'Kir,i\\\\m n'i FiirimitfM fitrbtMi in which a[>p«'ur cells «»t 
the first. secMinl. third, aiul fourth jrenerations, tojL^ether with a larire 
number of irrejrularly dis|»osiM| interstitial cells. The initial c«»rallite 
still has a i)eri|»heral jMisition. X4. 
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FuirRE 21. Portion oT ih«' uf»iMT surface «»f h (mIoux nf F/trt»Mitfx 
f«»rVjt«' which sh«»ws ihr iniiiHl c«'ll snrpoiind^'d hv c«-lls of ih»- ihir«l mikI 
f«»nnh irt-TH-rHii»»[i. X4. 

Fl«;rRE 22. A r<»rjil]wm «>f F'lrttn/tftc foriHtti wiUi c»»r«lhU'> «»l Uh- tir>i. 
^*Coiid. ihini. fourth, ami fifth ir«'n«T«iit»u. Th*- iuhTsiitiai c«Hv nrt' 
iium**n»u< mid irr«-:rulhr. ih»- c*'ii!rhl om- i»lthT ihaii ihi- ••HurN. Thi* 
initial c»-ll ha^ h'r«- an in*icrih«Kl ]K»sition. X4. 

Fk^IRE 'S^. Pari ''f thr Mirfac*' of a!i(»t})»r v|M"<'im"n «»! Ftir^itn'tt^ 
fttHttJti illijviraiiiii: a fw*ri«Hl «»f »l»-\i-1o|iin«nt a litih> vnh'ij«Mju<iit to thi* 
hisr. <'»'I1> »»f th'- fir^t, s«-contl. thinl. ftnirth. and fifth rs«Ti<'v an* n-pn*- 
M*ni^. aii<l th^-s*' ar»' in turn «"ncl«»s«»tl hy aiioi))«T Mri«*> i»f hutl> ]»«Tij»]i- 
I'ral to iht'inHr'lv«*s. X4. 

F'lGiRE 24. A cnrioiiv inttTirpiiwth of I Wo colnnifs t>f >\r/-»#*/r»* fViWww' 
\\\\a\ a sinirl** coralhim. Th*- d*»\ flupmrnt of fach i> n-irular. x 4. 

Fi«rRE 2.'>. Th<' s;4m»* av Mfn from abovt*. X4. 

Figure 26. An abD<»rinaI form of FartuiiUM f^rUni \\\ which i»nl\ thr»v 
s«^*on<ljiry c<*lls hav«- lw««n d<n»do|wHl. X4. 

PLATE VIII. 

FiGi'RE^ 1. 2. :». 4. .">. Diasrniininatic i>'|»i>»N«*ntalion of !M»\oraI sUjri's 
in lh«» devp|oi»ni»Mit of F*nriutiUM fnHn m, 

FiorRK 6. F*tramitt'* Mpihiyrruji, Th** yoiinsn*st s|M>cini«'n ohs«T\«^l. Th«» 
initial cell with lh«* four srTtnulnry colls havi* N^tMi drv<>lo|M>d. Tb^n* 
is a central interstitial bud as old as tb*- S(*ct»nd vrics. x I. 

Figure 7. A younsr ♦•xamph* of FttnmittM Mpitt*tftrNM showing a lar»:«* 
number of inttrstitial buds cbaract«'ristic «»f tb»* s|»«*cit'S X 4. 

Figures. A |>n»>tniti* example of F*inmittM H/n'nif;*ru» with bi>?bl\ 
thickened walls. X4. 

Fi<ji:reI>. AnotbiT vi«»w of the same. X4. 

Figure 10. A specimen u( F^irtttn'ffM MpiuufrruM sbowin}:ibe iniiiul cell, 
the four secondary cells, and a larp* number «>f intersliiial cells, x 4. 

Figure 11. FtinutitrM MpiuiymiM. A lar<re colonx in which (he initial 
cell occupies a |MTipberal |H>sitioii. Tbis featun*. the result of a dorsal 
•'xtension of subsequent cells, is characteristic of tbis s|M'(*ies. x 4. 

Figure 12. Another extensive colony of FtinutittM Minn itf* nut where the 
initial cell is |H*ripberal but not so prominent as in tin* pr(MM>dinL^ Xl. 

Figure 13. Another ci»lony of tbe same s|M'cies showinir the d<»rsal 
^'n)Wth of tbe secondary corallites. and later seri<'s. x I. 

Figure 14. Ftinmititt npinufiruM. \ sf>ecimen showinir the rehitiv(> |h»- 
silions of the proximal members <if the second and thinl series. to;:,»iher 
wilh the initial cell still fieripherally located, x I. 

Figure 15. Lateral view of an extensive colonx of F'lroMi'tiM Mpihit/trttii, 
exhibiting the pmminent {K^sition of (he initial cell, x 4. 

Figure 16. Asjiecimenof FaronittM hi'miMpfun-UM, which shows liie 
Initial cell, four symmetrical M'conilary cells, and one eentral iniersti- 
ti»l comllite. The cpiasi i>«*dicellate condition of this s|M*cinien m w4M'' 
thy of notice. X4. 

Pigurk17. Ftirfutitejt com>ffM. The fi«r«ire represents part of the under 
anrface of the s|x*cimen. The l>roken 0(»rallites an* mon* el«*\ai«M| than 



ih»« p*«5r anH !-*»pr»»M«rir ih** ;iiia<*h»Hl jmh^ioh of rhi* iM»p:illnm. Tlie hirir^' 
;i?ul roftnrl ♦•<•!! i< ih** initial fMraltit** Fiv»* (MmIs :ihin iI|h»ii if .liki .m' 
mni'iMlh liyfopiMfl. \vhi!»» t h»* iniiial ••••II n'faiiis irs |iPT»j>ep siijif>e. Tli»* 
<«n»*>fi I h" "Xtpfm** Vfr .s ^o miioh <mullt*r :h:in rli»».iilu'r« ih;ii .r may 

KMif'KK i *< An ••vamf)U* -if iln* >inm«* ^fMM*i»*N m whirli *t\\\\ r|ipi'»* v,*'i«- 
'.nilrfx .N.r;, |litf>^ ha\»* i>»»»*Ti •l»*v«'l«if>»»tj. -ir (MKMhlv \vli>*r»» fin* t'oiirrh :> 
<*<>nsi«l#'»«Ml»l\ \nnr>«r^T ! hall t h»' .»!h**rs. .< t. 

Fi'.f UK !'.* \ >if>*rim»M I of /^./r/w»/^#'* /•/*«*/•>/* m vvliu'h rhv four i>ii4l> 
,,f fh«» -••••.»n«l j'en^ration apf ■srrikinal.v ^h<»wn. < i. 

Kr<.f KK •*<♦ A <liairraTnmati<* r»^pp»'s»*ntnin '»f i h\ |M>f h»'(i(* initial i'»*ll 
(//' \rhi'''n (»r»»*lnr»'c| s\ mm»*tpii'ally >i\ >#*f*j)n<iapy «M»n>'Ai. 

Ki<'-.r KK •*!. l>iairramnnatir plan i»f thn^ samr culfniy if niv i nirpstit iai 
biiffs /i viT*' ml r(>«hir»'r1 in th** anjrt**H i>«*r\v»i»i» rliK inilial ami M-foiitlary 
(•♦*!N. ;ni*l \f f'AfU ^♦»<*onrlHP} iMPallit»* i//t iiilu>pitHii rli«» fi*n<l*'fi<*v r«» pn*- 
/liK*'" '•ix iMiflsof liw fhip«l if»*n»*nii ioii um. Tw»mi!} -foup Mich chIIs can 
Iv* r>r«>*'lMr«*<I >vmm»*f pwallv b\ rhn siv «u*foiiilap\ ri»nillitp>. with an av- 

I • • • * 

»'pnif»* ■)f f'Mip api»*r«' 

Kr<ri KK Tl. A «liairram shnwinu* th»* plnn •►f th«» iiiiiiai c»*ll mT Fnr»t- 
jtff^ft ft^rfHKt fo ilhistp»f»* th*' pa<lii of •rfinmatinn. T!i»» pa<lii JHtt'TiMl 
///) wrMihl \tTt\(\\\rt' \\\f* fofip M»»confl»r>' rontllites fo!r»*th»T with intepsiitial 
r«'i|»* <>/ fh** ^/'fond. fo?ipth. '*ixih. ►*tr. s#*pi»»s. Th»* railii l»*ll»'P*»U U) 
Wfiuhl fiP'»fliif»* infepstitial r*»llHof th»* firsr. tlupii. fifth. »*tr. s«»pi»*s in an 
i<\f"A\\\ fH-pf'Tt rv>pHlinm. It is fvi<i#'nt that asymm»»tpiral <l»'veln[>m«*nt 
of fhi« synt'-m wi>nkl sfivf tw^lv»* radii of •jr^^mmation. 

Kf^.r f?K ■?!'. A ^fi'Tim'^n of FffroitiUM/orhfJti wh'wh >hows c»'lls of th»* 
fir<t. <"r'onfl. fhir^l. fruirfh. ami fifth <wTi»*s. Tli** initial r»*ll lias an in- 
<rrih'(l iKrsiriofi. This rr»lonv' in a v^pv >\ mm»*tpi<-al nn»*. but is dis- 
t(frU't\ l»v hf'iriir flrawf» in ^>frs\if'Cl\\f'. X4. 

Kfoj ftK M. FarnniffH fnrhfMi. This si»**rim«*n is paptly concraltMl by 
fn/iirlx, A LToiifi of rwlls havp b«Tom'' s#*f>apat»*(l from the rest of the 
ro|ori\ . TIm- ohh'st individual of tin- jfrouf) (</) apf^'ars to liave prtKlncod 
from Its dfrpsjil sid<' four ol her coraliiti's 0>) in the manner of initial cells. 

V\u\ ws.'l'^. \ pHlholfiirIc s[M'Cimen of Ftironitfx forbf^i. The initial 
cell find several nf ihe cells next produced were killed hv some catastro- 
fih«' iMiheenlnnx when il was still Noun^r. Further de\elo|)ment to<»k 
phiei- wiilKHit the en-opernlion of those cells, and to this fact is probably 
dtn- the wedL'<-shMp<'d fnrtn oflheculonN. XI. 



EARLY PROTOZOA. 

\\\ (». I'. M Mini \v. St. John. N. B.. C.inada. 

Sotne ttuniths n^o \\\v writer received through the favt»r of 
Mt. \.. r;\y<Mt\. t>r Piuis. w paper deseribirif^ certain radiola- 
y'swws whit'h \vm\ heei\ discovered in the pre-Cambrian r<K"k> 
ot Uritljnw. Thisiuticle has now been folltnvtHl bv a >]i..rler 
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one describing Foraniinifera from the Bume roeks: and the 
two form together a very important contribution to our 
knowledge of the pre-Cambrian faunas, which gradually begin 
to unfold themselves. The present seems a fitting time to 
give a brief outline of what is known of these ancient faunas 
and especially to review the work of Mr. ()ayeux. 

Since 1865, when Sir Wm. Dawson described to geologists 
the characters of Eozoon, a controversy as to the existence of 
pre-Carabrian animals has gone on, and man}' naturalists 
found it difficult to satisfy themselves of the organic origin 
of the object which provoked this controversy. 

The cause of this skepticism is not far to look for; it is 
owing to the imperfect preservation of the characteristic 
structures of such ancient fossils. Mr. Cayeux has met with 
the same cold reception for his pre-Cambrian rhizopods; for 
while satisfied himself, he could not convince others, owing to 
the obscureness of the examples first studied. However, after 
arduously working for two years, he not only discovered 
many new forms, but found some so well preserved that their 
characteristics could not be gainsaid. Eozoon will in the same 
way win its way to general recognition ; anyone who has been 
so fortunate as to find and study well-preserved *'canals'' of 
Eozoon will hardly dispute the organic origin of that form. 

As we approach the base of the Cambrian the Protozoa V>e- 
come more marked as a constituent part of the faunas, per- 
haps because at the upper horizons they are masked by or- 
ganisms of higher type and have not been so assiduously 
looked for. This at least would be the inference drawn from 
a glance through the lists of species of that age that have 
been presented to the scientific world. Thus Foraminifera, 
sponges and other Protozoa have been found a common con- 
stituent of the Ellipsocephalus (or Protolenus) fauna (below 
the Pnradoxides fauna) in Acadia (eastern maritime prov- 
inces of C'anada).* 

Except sponge remains, no Protozoa are described fron) 
the Olenellus zone in the United States. 

A variety of forms referable to the Protozoa are also to be 

*S«*«.* On Phosphate notluh'S from tin* Cambrian of Southrrn N<'\v 
Brunswick, by W. I). Matllu'w. Trans. N. York Academy <»f Sri«'nc«'s. 
vol. xii, Apr., 189B. 
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fnimrl in rlip '♦hale^ of the Ecirheminian serie?*, «»oine from u 
thousand f»*f^t Ivrlow the EUip«»*>rephi»lii» horizf>n. ab«>ve re- 
fe'TTf^i ro. The pretiorainanee of organij*m»of low organizati«»n 
thu* appears to be a notable mark »>f fauna?* at the base of the 
r amhrian. 

In jipvinof a sketch of Mr. Tajeax';* work on the Protozoa ivf 
the pre-f ambrian of Brittanj, I take ap first his* later paper 
f June. IM04 ) rle^rribinj:^ the Forarninifera whieh he found with 
rariiolarian** { the latter beinj^ by far the mo»t namen>u>»> and 
whieh he -iaj^ •*ori^nally had a ealeareouj* ^eli.^ 

This* fauna wa^ found in the !*iliee«>u» roeki* on the north «»f 
Krittanj. known under the name of •^htanite**' and placed at 
the border of the crj;»talline jw^hist?* and the clay »lates { or 
"^achi^tA") of ?^aint Li*». 
.lf/>//^ of orr Hi' retort* of thtt Rftdifthfi'i[ftk*:$ and forttMitnj'era. 

'*'Hatiy haj^ formed the name ithtanife for siliceous strafijieff 
rofrk«i, diftpo«fed in thin bed<». frequently repeated and of great 
extent in the famhrian and Silurian formations.* A certain 
number of the beds in Brittany are true ph tan ites, in the mod- 
ern petro^raphiea I jiense of the word: but the greater part 
prefient their silica entirely crystallized to the «*ondition of 
fjuartz and should be classed as quartzite." 

f>r. T'harles Barrois, who first discovered traces of radiola- 
rians in the rfK-ks of Brittany, and placed them in the hands 
of Mr. f -ayenx for study, has carefully worked out the geolog- 
ical horizon of the phtanites, and finds that they have given 
pebbles to the congh>merates at the base of the Cambrian and 
to thf»se of the schists of Saint L/), and, therefore, must be as 
low as the base of the latter. He has asserted that these 
schiHts un- identical with the L>iconian of Caer Caradoc, and 
are non-metamorphic representatives of the Pebidian of St. 
])H\'\iVH in Wales. Dr. Barrois also has traced these phtanites 
and (|uart7.ites throughout Brittany, but has found their assci- 
ciationH greatly crlianged in some parts, viz.: 

1. They are crmtained in granulitic gneiss at Varmes. 

2. In niica-HchiHtH and micaceous schists at Lorient, St Na- 
zal re and NantcH. 

*'rhiH Irrrn af^jM-ars !<» mrnspoiKl to th«* "chert," "siliceous slal<'s.*' 
i»r »<ilic»'(Mis nnui rocks, of rarlv Kii^'lisli aulliors, perhaps lh(» mosi sili- 
<•''«. IIS '»f IIh'Tii. 
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:^. In rrvstalline schists near Pornir. 

Thus while thev are in relation to the sediinentarv rooks in 
the north of Brittanv, thev are suhordinate to the ervstailine 
s^'hists in the south. **We understand tlie importance of 
thejif observations to those geologists who see in the ervstai- 
line schists the sedimentary rocks metamorphosed.'* 

"As the term pre-C'ambrian is npplied as a definition to the 
mass of all the stratified sediments, anterior to the Ciunbrian, 
in a condition to contain organic remains, it is hv preference 
to the pre-Cambrian period that I [ L. Cayeux) refer them." 

It will be seen that Mr. ('ayeux*s use of the term pre-Cam- 
brian is relative and it is made equivalent to Iluronian of the 
geologists of the Canadian survey, and Algonkian of those of 
the United States sUrvey. 

Jjesrn'/tfi'oit of thf FnrtDm'tttJ'rra. 

In his later paper, June, 1894, published in the transactions 
of the Geological Society of France,* Mr. ('ayeux describeR 
the Foraminiferaof this fauna. These Foraminifera were sim- 
ple or compound. He passes by the simple ones as capable of 
being confounded with certain radiolarians, the pores of 
which have been obliterated. The compound forms had 
chambers varj'ing in number from two to sevc'u. ThcBo 
chambers were either spherical or oval, and those of two or 
three chambers had a few sh<»rt processes (rudiments of 
spines); the cells were not arranged in a single series, but 80 
disposed that each might be tangential to two others. Mr. 
Cayeux observed that some individuals had their tests pierced 
with minute pores, which would refer them to the Fc»raminifera 
Per/orata of Cnrpentvr, **Like the pre-Cambrian radiolari- 
ans these have dimensions which separate them from the 
known palaeozoic Foraminifera. The largest chambers scarcely 
attain a diameter of 10 //.'' 

'^Whether isolated or agglomerated chambers be present it 
is possible to distinguish the fragments of Foraminifera from 
those of the radiolarians that acconii)any them, for with the 
latter there are vestiges of pores of large size. The mode of 
junction of the chambers with the niultilo<«ular forms is also 
a distinguishing feature.'* 

The Foraminifera figured by Mr. Cayeux recall very forcibly 

*<'«iinpl»» rendu de la Socit'ie jr«'M)l»>tri<|U«- «1«' Kniiicf. p. 71>. 
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'hf <iiui(i ^iiihiiiar i)niii«-s fn^ni rhe Euzoon&i lime^roitc^ of thr 
< »rraw;i vniifv iinmd nv *^ir .1. W. Dawson and clesrribed 
juHht ?Ii#' iiiinif .if' Arfhipftspherinii.* ( ompare them al9<) with 
r!i»i*»M iluaineft from rh** Prr»rolenuj» Mtr £llip64>oephaiu$ i in>ri- 
/<»n •!' rhn ^ ainhnan rnrkii -tr St. John. N, B.. found bv W. D. 

'fr \raK ,n .hine. ISUl, rhar Dr. Barmis placed in my hands 
, < ayenx ! -errions of rh«» phtanite*« and ^uartzites rhar he had 
I'liller'teft ill the iieitfhhorhixKl «»f Lamballe M 'otes-«lu-N»>nl » 
[n 'A'hii'h iiH Usui -ibserviMl •'irrfiitir .tech'ot^M^ reeallinjj those **t 
rafii<»l;irians. rhoiijarti rhe ••imilar form was there, the strur- 
riir»» \\",\^ rn>r apparpnt. After ;i v^^^J minute ^examination I 
n'rT»<rnizi^fi -.oriiH rrrirrs «»f hexu^>nai reticulate structure, fa- 
v<»rint^ I hi- liypo thesis rliaf the •ijidea ftrntained radiolarians: 
anil nr»r 'mlv «o. bur I thought E reeitj^nized verr primitivr 
I'oniw oejofiirintr r«» rht- M(»nospha?rida.*' 

F'»r rwo r»*arc' M. < avi-«ix ;^jiv«* himself to the <?arefnl niitT"- 
«!r.»pir ^riHly tf rhest* phriinites ;ind was able to ronlirm the 
\\r^r .»b»<ervatinn> by rile •'dis^^orenr of a complete fauna "f 
-!ili<»»-r>ii* rhizopml-. remarkable for the jp^at number of indi- 
v;#|iiai- tin I •>!* iren«'ra whiiMi it -'on tains. The number •f 
^h»';U T'lMrid na?* hi-^n very irreat." and he has pubiishi-d a 
pi.it.. if i'} r..mi*» jf these pre.(Jambrian radlolariuns. 

Mr. < aV":j\- '.V'Hii<i n<»f publish his work until he liad -sMb- 
;niitt'<i rhe -iii<l»'w ro those Interested, ineludinji^ foreij^i I»-arned 
■jpeeiaH'jf-i. \v*mk rlmutili not aixreeinjT with his «roa<*li!'ii'>n'i. 
;oltnifr«'cl 'har the f'^rms wer^ oriranie. Two of the per^son-? 
-i per* i.illv i-eferr^Mi t*' are Mr. it. J. Hinde. of London, and Mr. 

'I'i^'- «l;r!leii:ry '.t* r|i,> iiivi-'-ti;ratiou •)f fossil nidii'Iarlan- aiav 
•»«■ .'!:*»T-'-'i :'r -iii the -tatt^ment of the latter savant in \u< 
:"i:iim: :• .■:- ri.,- Tri;*-^**!' :tnil Pahef>zoii? radiolarians. that he 
•111 -.iii.- :.i-.:*'- r!.ari .',.000 rhin mien>seopi»r sei'ti«ms t«» «'btain 
..'"'- ■"■ • :i- ■■' ■•.o!!':hir:;in.- in a ^oi»d state of preservation : and 
\f ' 'V" .< .i.'.'.:i-"^ riiar iie himst-if was not muoh more f-T- 
•! c. .'■ xiij- rhar I. lie i.f his slides i-? of more inttrrerit 



I < 



.! . ... • . :!. i :\:'A. Als*. --LifeS [>awn .-n Knr;:-/' 

• ' ''. < .. -» fr -n: :i.'- < amhrian rock* *^{ S.iich-rii N-w 
; ".■ \ \ -A A':nl. >«:i.. April. ISW. p. 114. i'.. :t. 
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than all the others united, u8 from it are drawn all the data 
for the plate published with his article. 

The care he took to eliminate the "personal equation'' may 
be inferred from hie statement that he had a special artist 
employe<l, who had never drawn radiolarians, to draw the fig- 
ures for the plate, and who figured *'./"*' what he satr^' on the 
slide. 

Mr. Caycux remarks that there is an advantage in studj'ing 
these radiolarians first with a low power, as thereby one can 
^^ee their irregular distribution; they multiply in some places 
so as to touch each other, and in others they are represented 
by but few individuals. It was after using objectives of high 
power that Mr. Cayeux was able to resolve the apparently 
small spheres into a greater variety of shapes; he describes 
them under the following hearts : 
1. Kadiolakians identical with known (JENKKA. 

Legion SptnneUnria^ Ehr. 

Cejiosphitfra several species, Cnrpospho'ra, Xiphosphwra^ 
Sfaarn'spha'ra^ A c.atithospha'ra^ Cenelb'psis^ Spoiujarus^ 

Legion Xasselnria, Ilaeck. 

Tripocalpis^ Tripoff/sctKw. Arrhicorys^ Ci/rforalpis^ Dicti/o- 
rephnhts^ fstethorapHU^ Dtcoforapsa^ Thettcauipf. 

2. KaI>I(»LAKIANS whose KEFEKENCETO known (iENEUA IS INCEU- 
TAIN. 

Some of the above genera and Tri(frfo/nit, LithaphnH, An- 
fhoci/rfi.s. 
'^. Forms undetermined, hit which are c^ertainly Kadiola- 

RIANS. 

All these are referable to the above legions, and to families 
of the genera above named. 

After describing the forms, Mr. Cayeux mentions and re- 
futes the various objections made to his reference of these 
fossils to the radiolarians. Among these objections is the 
claim that these spherules are too small to be referred to radi- 
olarians, and that there is no visible reticulation of the test. 
It seems to the present writer that the small size of these ob- 
jects is no bar to their being radiolarians, for such a relation 
of the primitive types to the fully developed forms is (piite in 
keei)ing with the history of other organisms. Take, for ex- 
ample, some of the earlier Paheozoic trilobites: the initial 



form- '»f rh** Paniiir»xifie>» arf ♦»nir it tith«- •>!' tn«- !»-ntrth of the 
ap^nfj* of rWiia fauna that app#^np^l at ;i !arer time: ••ffmpare. 
»ifw». the <*arlie*»t riw-eiNK-ephaii with the later one*: the ear- 
lie<«t a*«Hphoiit form** with Metvaiai»pi»i or Iii^iteiu*; e»>mpare 
ai^i rh** •▼itriintie reracaj!tpi?« tii^ir^tl hv Prof. J. M. 'larke* 
with rhe ♦'ariie*»r r'^'pref^entative of it** type. < T'*r*tf*t:iiins 
///v/„///x Hall. Tenth Annual Rt'pfirr -if the >tat^- 4H?ol«i«ri>t, 
Albany- N. Y.. I^iHK)^ 

In norinjr the r;hararter of the fauna of these pre-< amhrian 
nidiolarian**. Mr. < ayenx ob*»erves that he founii two ^oups 
'*i\f^nn^}" known ei«ewhere and at a later lime in a fossil 
!*tate. and that these two groiip<» form a notable part of the 
exi>»tin(r fauna of nidioianan$». 

Amonji^ the ;^nerii present, ^ enof»pha*ra predi»minates over 
all other**. It is a j^niis that exists at the present day. and 
more than thirty ?*pecies dwell in the ocean at the present 
time: an<l at all depths to :{.IHM» fathoms. Haeekel has made 
the jr^nus to play an important part in the phylo^ny of the 
radiolarians, making it the sto<rk form of the sub-order Sphii* 
roidea. Notwithstaniiinjr its jrreat antinuity it is far from 
VM'injr tht' -iiniplest of the mdiolarian;*. bein;; superior to all 
those without a skeleton, or with im perfectly trellised skele- 
ton. 

Alonj^side of Tf-nosphjera are nther Sphien)idea more de- 
veloped, repreHffntinj; some of the principal families of thi« 
Mub-^>rd«'r. Several forms of radiolarians referable to higher 
order** arr- found, inelmiinj^ the turretetl forms «»f the C^Ttoi- 
dea an<l other Nassellaria. These o<*eupy a high place in the 
ejar-'^itiearion of the radiolarians. have playeil an important 
part in the Tertiary ages, and multiply in the modern ocean. 

(>n<' fact remarked upon bv Mr. <'aveux is. that while these 
higher form«» are present, they are comparatively scarce; but 
th«' -ph»TicaI forms, and e^specially ( enosphiera. are so abun- 
dant a- to form the principal bulk of the individuals observed. 

Ill f)ricf. "there co-existed in the pre-( ambrian simple radi- 

'*It A-,!i !»•• ^'M-ii ihai from fliiN (Miiiit of \ if\v ill** objpciion taikni bv a 
'•••rniiiM wrii'T to fhr -.mail ^\/.*' *>( th«' nu'*»h«'s of ji fr:i:rni»'nt of CyaUtd- 
-^l-oiij-;;! roiiriii l)\ rli»' |in'^«-nt writer in a Laiin'Otiaii «juart/ih' iH'ar St. 
.IoIjm. will lia\ »• no W'ML'hr. \Vf ar»* natiiraliv lo liH»k forth*' dwartinL' 
of orL'amc form?^ a** w** tra«*»- tln-m to ihi* t»arIi«T «l»*{>»>sit>. 






m 

'•larirtTi*-. niiraeroiis and eoinpojaecl of few^enora (Sptnurllaria) 
and rHdi«»Iar)ans much more t»k»vated in orj^anization, and les8 
abundant, but distinguished by a greater number of s5|>e<*itic 
forms { X*ff:*€thtrifi). Sucli is the salient chanieter of the 
fauna." 

"Niitwithstanding the numerieal superi«»rity of ( \»nosph«»ra, 
that is to say. of the genus whieli eounts among the most ar- 
^•haie of the group, this fauna of radiohirians, eonsidertHl as a 
whole, cannot Ik* regarded as the fauna of radiolarians which 
ti r St appeared : it possesses a character of complexity and 
completeness, such as implies the preexistence of several other 
faunas of radiolarians less developeil." 

"Such a fauna found at an epoch more recent would lead u« 
certainly to the conclusion that it had been preceded in time 
by more imperfect radiolarians; wh\' then should we reject 
the same conclusion when the pre-Cambrian is concerned^' 

**\Ve only deduce from the ancient faunas the supposition 
of faunas older vet. All our elForts to exhume the most 
primitive creatures end invariably in the same result — to push 
back the date of the appearance of life on our planet/' 

"It is to the study of siliceous micro-organisms that the ge- 
ologist who desires to restore the first pages of (»ur paheonto- 
logical archives should apply himself. Kxperience has shown 
that the radiolarians have the (juality (»f preserving the com- 
pleteness of their form and their composition, despite the 
metamorphism which transforms all around them. So ] be- 
lieve [says Mr. Cayeux] that the last words on the most an- 
cient faunas will appertain t(» the microsc(»pists." 
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THE STRATIGRAPHIC BASE OF THE TACONIC 

OR LOWER CAMBRIAN. 

N. II. WiNCHKLi.. Minneapolis. Miim. 

It is proposed to re-examine, in the light of present devel- 
^'pments, several of the points of greatest difllcuity in the ge- 
olop;y of the region of lake Superior. It is on these (piestions 
that geologists have differed. It is possible that there is less 
uncertainty, when the facts are all grouped in a systenuitic 
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manner, than at first appears. Two recent notable efforts 
have been made to put into harmony, on a broad basis of 
classification, the rather divergent views and interpretations 
of the lake Superior region. We refer to those of Messrs: 
Waleott and Van Hise, the former in a bulletin of the United 
States Geological Survey entitled ''Correlation Papers, Cam- 
brian," Bulletin No. 81, and the latter in a similar bulletin^ 
entitled "Archean and Algonkian," Bulletin No. 80, the for- 
mer published in 1891, and the latter in 1892. These masterly 
summaries of the literature of these subjects are a credit to 
the U. S. Geological Survey, and will long remain standards 
of comparison for future study. But, like all human under- 
takings, they exhibit the genius and the "personal equation" 
of their authors. This can hardly be considered a fault, for 
it is a characteristic which the greatest products of the great- 
est men always manifest. Indeed, the personal stamp of the 
author goes with every advance which is made in geology, as 
well as in all departments of human progress. Every new step 
must be based on a previous step. That earlier step is the 
foundation and the governing element, not only in the direc- 
tion of the new step, but also very largely in the particular 
nature or quality which it exhibits. For this reason the va- 
rious steps of any seeker after new truth can be interpreted 
by tracing backward the line through which the investigation 
was pursued. The steps are interpreters of each other. 

It is therefore of the utmost importance that no firsf ,slep 
be taken erroneously, or if erroneously, that it be retraced 
frankly and a new foundation laid in a step in the right di- 
rection, and of the right quality as to force and scope. It will 
be incumbent on the writer therefore, in the preparation of a 
series of papers on the geology of the lake Superior region, to 
enter somewhat into the history of the progress made already 
and to write what niight be called a review of the two fore- 
going correlation papers. In the course of this examination it 
may appear that several false steps have been made by the 
authors which ought to have been retraced, but which were 
used as foundation stones for further advance, and that 
therefore thev have arrived at faulty results. 

With the early English geologists there was perhaps as 
much diif'erence regarding the base of the Cambrian as re- 
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garding the aumniit. Miirchi8oii at first made the Llandeilo 
the bottom of his Lower Silurian,* and simply called the non- 
conformable underlying rocks "slaty grauwacke," without 
pushing his descriptions further downward. Later, however, by 
a series of unjustifiable enlargements of his Silurian system, he 
represented that all the old strata containing a trilobitic or 
brachiopodofis faana should be put in the Silurian. He thus 
made Barrande's ^^priTnordial sone^ a part of the Silurian.and 
theoretically covered all that is known of the faunas of the 
Cambrian. Even Sedgwick, in his final ^'Tabular view," 
omits the Longmynd slates from his Cambrian, although they 
had before been included with the remark that "their exact 
place in the general series is doubtful.^f In another place he 
includes the Longm3"nd rocks, with some doubt, in the Skid- 
daw^ slat^ at the bottom of the Cambrian. It was only after 
the visit of Barrande to ICngland in 1851, resulting in the an- 
nouncement of fossils from the primordial zone in that coun- 
try, that careful examinations involving the base of the Cam- 
brian began to be made. A vast amount of labor and of lit- 
erature has been devoted to the British Cambrian since that 
re-examination began. Various life-zones have been estab- 
lished and some definiteness in the parts has been reached. 
Some of the English geologists, under the lead of Dr. Hicks, 
to whose timely energy and skill is principally due the eluci- 
dation of the Cambrian faunas and stratigraphy in south 
Wales, are satisfieil to limit the downward extension of the 
Cambrian at a series of conglomerates and grits which in 
some places seem to coincide with the base of the Olenellus 
zone; while others, who perhaps have with them the majority 
of the working geologists of Great Britain, include in the 
Cambrian those formations which Hicks has called Pebidian, 
Dimetian and Arvonian, which are very largely of eruptive 
characters. If these be embraced in the Cambrian, the bot- 
tom of the Cambrian in the British Isles is an unknown quan- 
tity. The Olenellus zone, even, has not yet been fully identi- 
fied in Wales where the Cambrian was first studied. It is in 
Pembrokeshire specially that the base of the Cambrian is in 

•London and Ediiibiir;:li Philosopliical mai;aziii»'. .lulv, IS-T), p. 4(). \iv- 
ppinl in th»' Amkuicax (Jeolo(;ist. vol. v. p. So, 1SIM». 

fBritish Pah'o/.oic fossils, p. iv, 2d Fascinilus. 
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H confused manner involved with masses of eruptive rocks, 
granites, felsytes and dolerytes, embracing marbles, schists, 
gneisses and basic eruptives. 

It is apparent, therefore, that in Europe any stratigraphic 
phine which may be assumed for the base of the Cambrian 
would be wholly artificial ; what would be the base at one 
place, owing to a progressive subsidence which, according to 
Dr. Hicks, has been found to have been in progress during the 
whole of Cambrian time, would not be the base in another. 
The Middle Cambrian (Menevian) lies on the Archean in the 
Anglesea area, and in several other places in Wales, the very 
base being conglomerates with a marked discordance on the 
crystalline schists. In Shropshire the lowest recognizable 
Cambrian strata carry Olenellus, and they lie upon a series of 
volcanic materials, made up both of lavas and fragmental 
ejections which have been classed as pre-Cambrian, though not 
on the best of evidence. Such volcanic products are found to 
underlie the Upper Cambrian in Warwickshire.* Dr. Ilicks 
has supposed, from a survey of all these facts, that a subsid- 
ence of the continental areas, both eastern and western, 
brought the Cambrian sea further and further upon the land; 
that this was accompanied b}' such volcanic and other physi- 
cal changes that not only was the fauna extinguished in the 
oceanic waters thus afiected, but that volcanic ejections were 
from time to time interbedded in the Cambrian strata. Thus 
a kind of general similaritv of lithology and succession of 
parts was imprinted on these strata on both sides of the At- 
lantic. It has been remarked by Sir Archibald Geikie that 
*'the rocks of the Cambrian system present considerable uni- 
formity of lithoiogical character over the globe.'' Probably 
the progenitors of the Cambrian fauna lie buried under all the 
later strata in the basin of the Atlantic. The oscillating con- 
tinental borders, the loci of the most frequent flexures of the 
crust and of the escape of molten rock from volcanic vents, 
W(»uld thus be re-peopled in periods of quiet by immigration 
of new species from the adjacent ocean, f thus making a rec- 

*Lai'W(H{TII. (itMiloLrical Mau'a/.iih'. 188<». |>. I{*21. 

f Mk Ks. (^>iiarl. Jour. (ieol. Sic. XXXI. p. .%.V2. Natural Sci«'iic»\ \oI. 
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ord of progressive evolution, synehronous on both sides of the 
Atlantic. 

With this brief reference to the condition of geological opin- 
ion as to the base of the (-ambrian in Britain, we wish now to 
call attention to the condition of geological opinion as to the 
base of the Taconic system in America. We shall find a great 
similarity <»f fact and of progress in research. 

That there was a long period of pre-Taconic time during 
which the older strata, whatever their origin and composition, 
were tiexedand rendered holo-crystalline,is generally admitted. 
There is a marked change from this crystalline condition in 
which it is sometimes difficult to discover any remaining 
proof of sedimentation, to the clastic Taconic strata. This 
transition is marked also by a profound non-conformity, the 
wide extent of which has been recognized by several recent 
writers. It is not intended here t^ say that no clastic struc- 
tures are found below this break, nor that no cryst^iiline rocks 
are found above. In fact clastic structures are very ap- 
parent in those rocks older than this break, but in that case a 
metumorphic re-crystallization usually accompanies them; 
and everywhere without exception in America, so far as 
known, such clastic strata are so highly tilted that verticality 
is their normal position. It is a fact also that some of the 
Taconic strata have been atfected by a similar metamorphism. 
It is found, however, that when thus disturbed the Taconic 
strata attain vertic«ility. only in exceptional cases and in small 
areas, while the massive crystallines which are found associa- 
ted with the Taconic elastics are, as a class, of wholly differ- 
ent characters from those which preceded the great non-con- 
formity. The presence of these characteristic crystalline 
masses in immediate proximity with the occasional sharp 
folding and metamorphism of the Taconic, serves, with other 
means which need not here be mentioned, for the distinguish- 
ing of the later strata from the older when they are both pres- 
ent in a region. While these broad distinctions can be drawn 
it roust be admitted still, that they have not always been ob- 
served, and that there is, consequently, not a unanimity of 
opinion as to the age of the rocks at this horizon in various 
parts of the United States and Canada. That which we wish 
to particularly emphasize as an important fact in American 
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Paleozoic geology, is the profound structural change which 
here takes place, and the necessity of recognizing it as the 
base of the Taconic or Lower Cambrian sediments. 

If we inquire, now, moreclosely as to the nature of the lower 
portion of the Taconic, we find everywhere, as already stated, 
a conglomerate at the base. This is true whether we examine 
the Cambrian's contact with the Archean near the horizon of 
the Olenellus zone, or near the horizon of the Upper Cambrian 
(Olenus zone of England). From this conglomerate upward 
the f ragmen t*> beccune finer and finer, making a quartzj^te. 
This is followed by a calcareous zone and iron ore, and these 
by black slates. All of these separate parts may be seen in 
contact on the Archean, in different places. 

The unfortunate controversy which arose respecting the age 
of these rocks in America, while not exactly the parallel of 
that which sprang up in Britain between Murchison and Sedg- 
wick over the limits of their respective "systems," has served 
to obscure the actual facts and to prejudice the cause of geo- 
logical research on these most interesting formations. Facts 
which have entered into history, as to this controversy in 
America, need not be revived. But new men, and new issues 
have appeared on all sides, and, as in Britain, much more is 
known now than formerly*, of the whole question. So many 
lights have been recently turned on these problems from dif- 
ferent quarters that nearly all the old problems are solved, and 
the advancing research nov\- has to do with many new prob- 
lems of more direct and special import and more limited 
scope. Only so many of the results of past research will here 
be mentioned as seem to bear on the nature of the base of the 
Taconic. 

The following arrangement of the main parts, in descending 
order, seems to be the result of all the work on the Taconic 
strata in the original Taconic area: 

1. A srrh'S of slatrs ami schists, <>fi«»ii black, but sc»m<'timcs ;:ray ami 
sllic«M»iis: toward tin* south bcc<HTiiii«jr nH)Hiijr slatfs and v\v\\ mica 
schists. 

2. A ;xn'(Miish. s(>ft. ma^nn'siaii schist or slale. soinctinn's silic»'ous. br- 
comin^' nacreous schist. 

'.\. Limj'stouc. passiuj: to marble, associated with (luart/.yte ami alter 
nations of mica schist. 
4. (^uartzyte, with alternations of mica schist. 
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5. Conj^lomonite. firmly Ix'ddcd n|M)n tin- uiHltTlyiiij: jriifiss, appar- 
••iilly chan;;ing lo jrin'iss in somt' placrs. 

These parts have all been found to contain the characteris- 
tic fossils of the Taconic or Lower Cambrian. Their age is 
no longer in question. The thickness of this series of strata 
is very great, reaching more than twenty thousand feet. To- 
ward the south they become crystalline and have been con- 
sidered, on lithological characters, as belonging to the Ar- 
chean. They are all involved with the basic gabbros at 
(^ortlandt, X. Y., and are converted into apparently massive 
eruptives, taking the various forms of dior3'^te, and quartzose 
granitoid rocks,* while at more remote points from the focus 
of igneous action the region is occupied by mica schists and 
gneisses, produced b}' a regional metamorphism of the same 
strata, as shown by Dana. The base of the Taconic, therefore, 
if the continuous areal tracing of these strata from Vermont 
to New York city by Prof. Dana was correct, is apt to be crys- 
talline and has been invaded by gabbros and associated basic 
eruptives, at least in the region of eastern New York south 
from Albany. The iron ore belt which is closely connected 
with the main limestone stratum in the same region, is another 
noteworthy feature. Dr. Edward Hitchcock traced it (»ut 
carefully in Vermont and represented it by a continuous color 
running into Massachusetts. Prof. Dana has followed it as 
far south as Dutchess countv. 

A similar crystalline series is found in the Adirondacks, in- 
timately connected with the gabbros of that region. The 
Adirondacks are on the opposite side of the Hudson-Cham- 
plain valley and must be considered to have had a history in 
some broad respects identical with the history of the eastern 
side. The eruptives here followed the Taconic strata, as to 
(late, and where they did not effect their fusion they rendered 
them crystalline over wide areas, producing a series (|uite 
different from the true Archean. Massive (piartzytes and 
bedded gneisses are included in this later crystalline series, 
associated with marble, hematite iron ore, and conglomerates. 
In general the eruptive rocks not only are of the same kinds 
as those of the Cortlandt area, but they have the same rela- 
tions to the concerned elastics. They have broken through 

*0. H. Wifj.iAMs, Am. .lour. Scl.. (\\) xxxv, pj*. KW-US. 18SS. 



1W> Thr Ameyivnn (-rmilupimt. 

and frrwtalHzt^d (M*rtuiii iiiiif»m:(HHH5. quttrtrrr-ef^itBd firtd'?!*- of- 
"fc«ii iiivr^h'iiur i-f^oim^'d imhWif*f \i,\\{\ -Htrjiuratinir xbf-in frc*iii :*]*-2r 
jiurian "Ktrutu. 

Xrvc oldrr -^fri**^.. or viiicaiiir href^dia. im whirti xbr loisjil 
C|iuirt7yr( r>r Tti< 7«»niih»- inn- \h^m\ j'luiiid to reKL Imt. mht-ii- 
<»VfT thf' husii! ffiiitiifM nil liit- (lidtT T*«!k4' iitH» ^iwu Jnimd. ibt- 
old(!T rork* tiTf r'i»**H*^'>^t' '»T rrriinitic. Tin* iin^eoup r(»ft* jii 
xliH- hfirizrni nii rli< <iTli<*r liniid -Hf^f^nj ic» iiuvt- bt*t»Ti (»f ■^oiDediilt- 
laT.f'r thtiii rlif foninit^iKMMiitfiii i»i xlif Tiu^nnic. und wtix-r bT 
^•ni^rul friifrnriii^ nf tlit wliol* forniutinu rnviilved xiH-m in 
XII mil ^tn Ml IS riiiiJiwiiiii, or m iuivt \wivw iTrt<»Tjt*rt<«d betw-een 
xhfur -RtniTu iifTfT rlit -j^rniuj wi»Tt IHrnied. Thk -BtaXeiuMii i« 
iifti inmndt^d t«» d«*ny ttit f»xwt.f»iiw oT older ipiH^oiH: T(»rks. «>r 
i»Vf»ii volr.Hiiif hrt-fTMi*. iii tin- ATf^litnui. (in whitih xb*- Tj»ci»iiir 
iXiHy rvAX \w ath^r plinM-^. hn it rr; well Icniiwii xhwt -Hurh -exi^i 
hxm\ X\\h\ thf- TMriiiiif nii^hi Hi- on them, ll Tui|rirt Ut trulv 
iHiid h\9u, thiiT -SI* iiir «^ yt*i dt«t*ovt!Ted tlit- bitiui] bwi* <»f 
l^hi THPntiir., whi»n fni^mt^nuil. iiuvi nm l»f»eu Jdinid in ek-cK-m 
>ii»w \oTi. imd >ii»v fiii$ri«nd ti* roiwh;t of viilcunif Jiiiii<-riml«- 
Ttmt i^wvh miiv vtM U«- tlf^ri^vtrmd »*• cjuiU' evidtna, U(»t <»ii]t 
from thf np.T»nm»nrt o{ -f^nrli -i^miiin in tin- hiwt' nf xhe Lowtr 
( 'iiitihriuti ii) ^fMitl: ^ iii<*>. hni froni tht exwrenw iif -mirh nm- 
friiriiih- ill .j?T«Mii ommtifir^ iii thi mi(f<t of thi* -Rxraxa <»f ibe 
f*i»!uiki«!i Tini|re \\\ \\ tsroiisiii. \vlnT*4i nrt- lw»Iif»ved To ht- of tht- 
H(r» '>t fh« n «f*oinc. »t^ will lip^vmr inlf»r. 

1*'iirrhi»v >i.oiiMi. iv, thi n^jr^oi oi tht Sontti mouiitHiu. oDe ♦♦f 
ihi fMirhv Ml \\m Alie^l^?n)\ Tji«umt«iir< iii PeiinfsvlvHTiiu und 
1i|«j»vhiiu4. ^|i >\«l<*oti h4r> Ti?portfd thi hTidtii|r of thf <Mi^- 
Molhr*. rmniji ii. r-ort^iiv onjiTrzytr^ tlwi wrt-siipjioaed t<» overlie 

«itu. ff^hlhu.* un*. vr"v ditV»*ri'7u nitt»rpTt»tattinnfi htivt- l»een 
Ml: .VI fhi-^* f»».»k^ *r« ^J!\ fh« <f»«-il. thh- p«>sition for ihe^t- 
.,<-*i4»n.*- rx n,» i\»«m,). the ;n^n**j*n*T<rf*> iTiclirutiTui H veiT ifW 
i.Vrt.*. i:»». f^H-iitilir« iir»<. nil'Muif*!. 17. thi i^a^il }virtioit> of ■thr 
^.,-..^^• \- /I. \\ ilhunr^ r.vpuirio **lt mnv. iiowfvf-r, t»r 
»-.^****»tt -. rr- !i; ..rv. » .nt'^f^ o vhrfhr-r th( vo^ciinic rofk*. rrj»- 
r-^ .. . .. .1 >! ...,t, h .r«',.o ' * "* or wht»thf»r thoT mrft- 
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in part, at least, conteinporaneous with the sandstones." A 
similar case is found in south Wales, where rocks identical in 
all respects with the Soiffh mountain rocks have for some years 
heen classed as pre-Cambrian, having the names Pebidian, I)i- 
metian and Arvonian applied to them, but which now are de- 
clared by Dr. Archibald (ieikie to be intrusive within the 
Lower Cambrian.* 

Further north, in the line of extension of the great Alle- 
ghany range, the Canadiiin geologists have met with similar 
rocks with identical associations. They are described by 
Messrs. Logan, Selwyn and by K. W. Ells, and are unhesitat- 
ingly put into the Taconic. Logan saw so many reasons for 
considering them comparatively recent th«t he assigned them 
to the old "Quebec group,'' which then was considered the 
northward extension of rocks, which in Vermont were called 
Taconic. The ( -anadian geologists are agreed on the question 
of the age of these volcanics, and compare them directly with 
the Keweenawan rocks of the lake Superior region. f In the 
Cambrian of Newfoundland the sections which nre given by 
Murray show such rocks »s diorites, porphyries and amygda- 
loids. These he puts, with their associated beds, into his 
'•inti»rmediate system," which he supposes is the ])arallel of 
the originiil Huronian as described by himself and Logan in 
the Canadian reports. J 

It is evident, fr(un i\ survey of the facts from both sides of 
the Atlantic that the Taconic period was liable, from its com- 
mencement to its close, to widespread volcanic action, and its 
strata seem to manifest this fact in the constant interming- 
ling of volcanic rock-material with the ordinary products of 
sedimentation. Where these events were most fre(|uent the 
strata are less fossiliferous. Where the}^ are not legible from 
the strata the sea was more lit for life, and fn such places fos- 
sils have been found. 

It is also apparent that the oldest sediments which may 
properly be included in the Taconic, above the great plane of 

♦lV.\t-H().)k of (Jeolojry, 'M ♦•dilion. KSiKJ, p. 710. 

fLooAX (i«*(»l(»<ry of Canada. IHiV-i. pp. 2^-244. 

Sklwyx. Ut'p. l*ru^. Can. (Jfol. Siir. 1S77-78, A. pp. :j-l.'). 

Klls. Knp. Projr. Can. (i»'()l. Sur., 18W, .1, p. 28: 1887. K, p. 8.-). 

tMi'RKAY. (ii'ol. Sur. N»*wfoun(llan(l. 1808. pp. 14.")-lir. Kt'piiblica- 
tion of 1881. 



n*>U'''*»Tif'»rmily that w-j^arat^* tLf- Taconie fr»»ni the Arehean 
hav*- Ttfft \9*^u id**ntifi*-*l with c*-rtainty, and that whatever 
inav \yf' the horiz^/n at whi^h -wh c«»iita^t» happen to \*^ ob- 
•^-rve*!. thf-v /-an fie '-on*idere«I the ha^^ mhIt for th«*$e seTenil 
f»^pirit*» of ofn»ervation. That the «-onforniabIe strata of the 
'YiU'ftuu' extend for manv hundred feet, if n«»t th^»u>an<[5 r^f 
f'-ef. U low the zone with Olen*-Iiu* i?- well authenticated in 
Am*-riea. In Newfoun^Iland. af-eordin<r to Mr. Howlej, tht- 
pre-^-nt Gow-rnment ^eolf»^i-t. and in the opinion of Mr. Mur- 
ray '•urli^'r. the Signal Hill ^juarizjte. and the underlyinir 
•!at*"» with AM/tifltlftf are not separable fronj the strata carrv- 
in^ f>!en*-IIii*». though the OlenelIn« strata are much higher in 
tfie format if»n. Not including the Signal Hill 6eds. there *'l^; 
«*till a thiekne** of l.S<»^> feet below the Manuel's brook con- 
gioin^'rat#' containing Olenellus. In New Brunswick, accord- 
ing l*t Matthew, the Etcheniinian series, reaching a thickness 
of 1.200 feet, lies below the St. John group proper, the basi- 
of wln'rli is th^Might to be at the Olenellus zone, and is hardly 
M-parable from the St. John group. Lately Mr. Walc(»tt has 
reported the existence of a great thickness of conformable 
elastic strata b«'low the Olenellus zone in the eastern slopes of 
th<- Appala^'liians. from Vermont to Alabama.* 

If th<'n we accept thr great structural break which seems 
to bi' of wid<' exteiisir)n in America, referred to above, as a 
(latum from which tf» reckon the <*oiitinuance of Taconic tinn-, 
whirji would also be in accr»rd with the views of Irving on 
th<' >ignificance of non-conformities, the Taconic system would 
have a d<*finite basal plane det<*rmined by the physical history 
of the <*arlh, which has always been the governing element in 
the great faunal changes of ge(>logy. 



THE SECOND LAKE ALGONQUIN. 

By Kkank HiKSLKY Taylor. Fort Wayne. Ind. 

(' C.otii ludcii . ' 

lln' AtfififiU' <>f the Dtforiucd l*hiiti\ The remarkable uni- 
formity of the main Nipissing plane does not appear to ex- 
tend far toward the east from Sault Ste. Marie. For, as alreadv 
stated, its projection in that direction passes about 40 feet 
below the Nipissing beach at North Hay. Its position seems 
*\ AN Ilisi„ ('orr.'l.iti.m 1»:»|).ts: Uii 1 1, sr.. p. 4(;i>. 
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to suggest that the plane rises northeastward to an anticline 
or a fault. This, in turn, suggests that the inclination of the 
plane probably dies out toward the southwest somewhere be- 
yond the node line and passes into a dead level ; that is, into 
ground that was not affected b}' the change which produced 
the deformation. The attitude of the main plane is substan- 
tially such as it would be if it were the foot-plane of a simple 
northeastward uplift, and had been dragged up incidentally 
with a more sharply raised region lying farther to the north- 
east. Reasoning solely from th(* attitude of the main plane, 
the ratio of the northward component of elevation to the 
eastward component is about lU to 8, or a little less than 5 to 
2. But there are certain facts which show that the change 
was not so simple as this. If we examine Ni pissing beach 
closeh' we find that its structure proves that for at least 25 
feet from its upper level the water must have fallen away 
with extreme slowness and apparently at a perfectly uniform 
rate. This is shown at Au Train. Sand River, Manjuette. and 
other places on the Superior shore, where the beach ridges of 
a numerous series are strong and very regular.* Spencer, as 
quoted above, reports much the same appearance on the shore 
of (ieorgian bav, and Lawson describes several such places on 
the north Superior shore. Considering the difference in the 
materials of the beaches, th(» case is almost as good at Macki- 
nac and Gros Cap. These features exclude certain supposi- 
tions that might be made as to the character and order of the 
<'han<^es producing deformation. And among others they 
♦ xelude the supposition of a simple northeastward uplift as 
j^'iven above. That idea seems fair enough at a glance, but it 
i!^ bas€*d solely on a considerati(»n of the attitude of the[)lane, 
without any reference to other evidences which may require a 
ditferent explanation. 

The Order <{f ('hantjes. The order of events appears to have 
heen about as follows : For a huig period of time the upper 
lakes were in open connection with the ocean through several 
5>traits, the deepest being the one over Nipissing i)ass. This 
''trait had a minimum width of 25 miles and a nuiximum 
depth of nearly 500 feet. Not until the waters had fallen 
«way from this high level to that of the Nipissing pass, did 
•Fourth paixT, pp. iWMJ-JJil. 



Irt4 The Am^t'iCtUi Geo^otjt'^tf, March, l.»4»f» 

lake Alj^fcmqiiin fimie int«» ♦*xi!»ten<.'t^. There probably was 
f^ixne f»levation at if?* oiJtI«*t in the earlier <layj» of lake Alp>n- 
quin. But it i>« almost r»ertain that there wa?* none, or at least 
exr-eeding'ij little, in it.^ eloHinj? dav?. For, a?* was pointed 
f>iit above, an elevation of the outlet would cause alF the shores 
of the lake to be «»nbmergefi. The eharacter of the beaeiies 
on the Superior shore, however, ^hows very clearly that no 
such chanj^e occurred durinj^. nor for a long time after, the 
formation of the Nipissing- bearh and that at least in its later 
days the shores of lake Algr»nr|uin were not disturbed by any 
noticeable eastward deformation. But the Nipissing bea<»h 
rises eastward and there is the old oiitlef to-dav 160 feet 
ab<>ve lake Huron and 40 feet above the main Nipissinj; plane. 
The only explanation which is entirely consonant with all the 
facts requires us to suppose that the eastward factor of de- 
fr>rmation befi^an at some time after the North Bi»y outlet, and 
the whole Nipissin^ beach, with all those for 55 feet or mor»* 
below it, had been abandoned and left high and dr\* in eonst^- 
quence of simple northward differential elevation. And this 
northward elevation must have been very gradual and very 
uniff»rm in its rate, if the present appearance of the Superior 
beaches goes ff»r anything. On this line of evidenee I i\u\ 
driven U* con<*lude that it was not an eastward elevation that 
caused the ehange of outlet but a northward one. This points 
in turn to the more important conclusion that lake Algonquin, 
as defined by the Nipissing beach, was probably in a geolog- 
ical sense a verv short-lived affair. For if there had been 
much northward differential elevation while the North \U\y 
f»utlet was active and without causing it to go dry, the plane 
of lake Algonquin would have changed its attitude by swing- 
ing on an cast-west axis through the outlet. The upper aban- 
doned beach of Nipissing age north of that axis would then 
appear to rise northward more rapidly than that south of it. 
Hut no evidenc(» of such a change of plane was found; on the 
cfuitrary there is con<*lusive proof against it. For the main 
plane of the Nipissing beach passes right across the east-west 
axis apparently without the slightest sign of a break. This 
shows that the level of lake Algon(iuin from the beginning of 
the Nipissing beach must have been very close to the level of 
the St. (lair outlet ; so close that only a very slight north- 
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ward (.'levation was required to cause tlie ehanp:e of outlet.* 
From a consideration of the plane as above, we may argue 
that, since the Nipissing beach south of the North Hay axis 
was formed when both outlets were active at once, and since 
there is no extra rise of the plane north of that axis, it fol- 
lows that all the lower beaches of lake Algonquin have been 
made since the St. (^lair outlet opened. That being the case, 
it follows that very nearly all of the deformation which has 
atfected the Nipissing plane must have taken place after the 
abandonment of the North Bav outlet. And further, since 
the last 40 feet of elevation at North Bay did not carry the 
water plane up with it, we may be sure that the St. (Mair out- 
let was active at the time it occurred. These facts indicate 
that the level of the sea in the Mattawa and Ottawa valleys 
east of North Bay had probably fallen only a few feet below 
the level of lake Algonquin before the outlet was changed and 
the outflow at North Bay ceased. This agrees with the re- 
ported fact that the lower valley of the Mattawa shows no 
certain evidence of having been recently occupied by a great 
river. f 

While these considerations do not locate the main eastward 
uplift exactly in- time, the character of the beaches, however, 
seem to show^ that none occurred until after a simple north- 
ward rise of at least 25 or 30 feet had taken place on the south 
Superior shore. But there is good evidence to show that the 
simple northward rise was considerably more than this. The 
Pictured rocks, Grand and Au Train islands and the north 
end of Presque Isle are sheer clitt's, standing with their bases 
submerged. They show that no eastward component of ele- 
vation affected lake Superior until a considerable time after 

♦It is possible thai a c«)iisiderablo part of the timo of lake Al^oiuiiiiii 
|iasse<l before the time of i\\v Nipissing beach. Thai fMTJiMi may have 
been closed by an uplift at North IJay raisln>r the water in Ihe whole 
basin to the level of the Nipissinjr beach which then be«;an to be formed. 
But if there was such an uplift it was probably slijrht. and no certain 
evidence of it has yet be(?n found. 

fill his paiK»r referred to above. Prof. NVri^ht describes a irreat boul- 
der terrace SO feet above the rivt'r at Mattawa, and attributes it to thi^ 
action f»f the old outlet river. It seems probable, however, that Dr. 
\^^'.\\ is rijLrht In sup|K»sinjr this [larticular ti'rraee to be morainic. It (h>es 
not ap|M'ar that the declivity <»f tin* .Mattawa imnn'diately above the 
village is sufflcleiUly steep to aceonnt for sucli an accumulation as the 
result of river action. 



100 



ri/t 



A me.ririni Gvol.offist. 



hike IiikI hci-nmo iiidcpeiHlcnt; ,n- 
ip. lifter the water hiid fHllcn ^T 
the Nipissing to. «.r ii little £ \ 
1'. thi' preBeiit Superior level «t ' 



„,,ly 



that lake lm<l heentue iiidepeiHlcnt; 

thut 

from th( 

t' preBeiit Siipi 
Saiilt 8t<!. Marie. For if that 
the ease, there would he ii nhe 
accentuated beiteh pussinjj went- 
w»rd from Saiilt Ste. Marie and 
sloping dowiiWBrd in that diree- 
tion under the lake po ae to paws 
about •!» feet hvUivr it ut the Pic- 
tured rocks iind Presque Isle, and 
theeuttin{;of that shore would ac- 
fftmnt for the present partly sub- 
merged clilTs. This probable sig- 
nificance of the olitTs of tlic south ^-; 
shore was long ago recogni^ied by 
others. There are so many features 
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Sault beach, for ifs place was de- 
termined by the burner at Sault 
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luade by lake Superior before the 
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perior shore north of the isobase 
ni>. The overhanging rocks. cliHs 
and caves of the Apostle islands 
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Palisades of the Minnesota shore are probabh' due to tlie same 
eause.* 

The Nipissin*^ heaeh is now submerged 25 Feet at Duliith. 
Hut before the eastward uplift be^an lake Superior had be- 
come independent and its level had fallen 50 feet, or to the 
level of the Sault beach. It follows tliat when this last beaeh 
was formed the level of lake Superior at Duluth was relativel}' 
75 feet lower than it is to-day. The submerged channel of 
the St. Louis river eroded 40 to 50 feet in glacial drift from 
Fond du Lac tr) the harbor of Duluth, and probably more or 
It'ss refilled since, points strongly to a period of the lake at 
the supposed Sault beach level. + 

Xiaiffira ami Luke Ahjnnmiui, liut far away fr<»m lake 
Superior and the Sault there is another chronometer of the 
time since lake Algon(juin lost its northern outlet. It is a part 
of the gorge of Niagara river. During the comparatively 
short life of lake Algonquin, and through all that much longer 
time while the sea filled the ancient Ni pissing strait, the great 
cataract of to-day did not exist. During that time the chan- 
nel of the Niagara river was occupied by a small stream which 
drained only lake Erie. The cataract of that stream was a 
small thing compared with that of to-day. Dr. Spencer has 
called this the Erigan river, and we may appropriately call 
its cataract the Erigan fall. Its volume was about the same 
as that of the present American fall, or about three-elevenths 
of the whole stream. The great ditterence in the magnitude 
of the Erigan and Niagara rivers leads one to expect that 
there would be at least some degree of difference of a corres- 
ponding kind between the gorges which their cataracts would 
make. And such a ditterence is there plainly enough. From 
the Horseshoe fall to a point a few rods above the cantilever 
railroad bridge there is a wide deep pool. The water in it is 
somewhat turbulent, but that is evidently not due to any fea- 
ture of the pool itself s.) much as to the powerful currents 
that invade its depths from the foot of the present cataract. 
At the cantilever bridge, however, the gorge beconu^s percep- 
tibly narrower and undoubtedly shallower, and the wild fury 

*Laws<)ii, op. cit., i)a.ir«'s lt»7-.S. 

f Mr. Warren Upham. in Twrniv-st'coinl Aim. R<-pl. (ij'oI. aiul Nat. 
Hist. Siirv.-yof Minn., lor ISIKJ. Pari III. p. <>!. 
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feet, and tlie greater hight of the fall is taken t(» account 
for the narrowness of the gorge. The depth of tiie river is 
assumed to he as great as in the parts a hove. A little consid- 
eration shows, however, that neither of these ideas is defens- 
ible on sound principles. 

On the depth of the gorge of the rapids Dr. Spencer's con- 
clusion seems to me to be contrary to ccuiclusive facts. I re- 
gard it as a matter of simple demonstration that the river is 
much shallower there than in the wider gorge above the rail- 
road bridges. If we know the volume of a river from meas- 
urement at some place where its velocity' is moderate we may 
readily calculate its mean depth in any other place if we know 
its width and velocity. For its velocity is inversely propor- 
tional to the area of its cross sectif>n, and if we know the 
width and velocity then we can easily find the mean depth. I 
regret that I have no accurate data on this point. But after 
standing beside the rushing, roaring torrent of the narrow 
Whirlpool rapids and then being rowed in a skiif* across the 
river at the American fall, one is fully convinced that the ve- 
locity of the water in the Whirlpool rapids can hardly be less 
than five or six times that in the wider gorge above. But ac- 
cording to Dr. Spencer's idea of a substantially uniform depth 
for the whole gorge, the water cross-section of the Erigan 
gorge is about half of that at Johnson's ridge. This allows 
for a velocity only twice as great. In (jrder to find a cross- 
Bection to suit the observed velocity we must reduce the 
mean depth of the Erigan gorge to 75, (50, or perhaps only 50 
feet. It is impossible to supply the conditions of high veloc- 
ity for the rapids in any other way. 

In support of the first point Dr. Spencer appeals to the law 
of erosion, viz., the steeper the declivity of a stream the more 
it cuts vertically and the less horizontal. This law is true 
for streams flowing without cataracts, but it does not apply 
to cataracts or vertical falls of different bights, and the ex- 
ception is still more pronounced where the strata are horizon- 
tal and the weaker layers below are capped by a harder ledge 
above, as is the case with Niagara. The magnitude of the 
gorge in such a case depends mainly upon the stream's power 
of excavation at the bottom of the cataract where the water 
falls with greatest force upon the softer, lower rocks, under- 
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mining those above, und this depends, other things being e(|ua], 
upon the hight of the fall. It is true that the higher the fall 
the greater its power to cut downward. But bj' the resist- 
ance of the ri>eks iit the bottom and the consequent deflection 




of fonxs in strong currents the power to cut iHtenillj is also 
increased. For a cataract circumstanced like Niugnrtt the 
law is the very reverse of that for rivers flowing without 
cataracts, namely, the volume of the river and the geological 
structure remaining the same, the higher the cataract the 
wider the gorge. 

It is interesting to compare the gorge of the present period 
of Niagara with the channel of the rapids at Saiilt Ste. Marie. 
Since the abandonment of the Nipissing outlet, Niagara has 
cut back its gorge nearly two miles. Hut the Sault, which has 
probably been open half as long, has no visible recent rock 
gorge, or, if there is any, it is submerged. Of course there 
are many dilferent elements to take into account. But even 
when a liberal allowance is made for all circumstances which 
might cause Niagara Ui cut back more rapidly and the Sault 
less rapidly, it still remains a fact that the difference betweeit 
their amounts of cutting is so great that it demonstrates the 
younger age of the Sault. Tiie inference from this fact 
should be put alongside of that drawn from the character of 
the Superior beacheu. The beaches prove that the northward 
uplift was extremely gradual ami even in ilB action, while the 
Sault without a gorge suggests that the barrier which holds 
up lake Superior was not uncovered until a considerable time 
after Niagara had replaced the Erigan river. But on the 
other hand, the submerged Sault beach in the Superior basin 
proves that the barrier had i>ecn uncovered some time before 



The Scroiuf Lake AUjOHqniu. — Tayfor, 171 

the eastward uplift, and tliat iinlil after its independence lake 
Siiperif»r was atfeeted only by a northward element of defor- 
mation. The eastward uplift occurred, therefore, at a con- 
jiiderable time after the abandonment of the North Bay out- 
let. 

By these facts rehiting to lake Superior and the Niagara 
jjorge we are enabled to put the date of the eastward uplift, 
or rather of its beginning, at a considerable period of time 
after the extinction of lake Algonquin. The water must have 
fallen away from the Ni pissing beach at Sault Ste, Marie 
more than 50 feet before lake Superior became independent. 
But a fall of 35 feet at North Bay closed the outlet, and it 
follows, therefore, that the closure took place before the 
Sault began its career. It is probable that the water at the 
Sault fell away even farther — more than 50 feet — before the 
beginning of the eastward uplift, because the submerged Sault 
beach necessarily required a considerable time to attain the 
pronounced development which the Pictured rocks and other 
pr(Kluct« of its action show. In a word, the eastward uplift 
began only at a considerable time after the independence of 
lake Superior had been completed by the simple northward 
uplift. This is as far, however, as the order of changes can 
be made out at present on evidence which traces forward from 
the time of lake Algonquin. But over against this there are 
facts of another kind which enable us to put the beginning of 
the eastward uplift well back from the present time. 

The S(, Clair Flats, Not the least important of the many 
things that find an explanation in this study of lake Algon- 
quin is that curious formation called the St. Clair Hats. It is 
in reality a great modern delta of pure sand. But the waters 
of the St. Clair river, coming directly from lake Huron, are 
almost as clear as crystal. No other stream in that region, 
not even the muddy streams that empty int() lake Erie, have 
any deltas, but all have open estuaries instead. Dr. Spencer, 
as quoted above, describes the heavy cutting t)f the waves 
along the present sandy shore of the east side of lake Huron. 
By their predominant run toward the south the waves nre 
constant!}" carrying the sand in that direction, and the same 
is the case in a less degree on the west side. There is on this 
account a constant tendencv for sand to collect at the south 



•*nd of rlip lakp. jii!«r ;ij» it fiat» ruTiuilly «'<)ile<*tfil in ♦^nornioii^ 
fjiuinfirii^s tit rh«»<*<>nth «*nd of liik#t Miehii^n. But the head 
of rhe Sr. ^'Irtir rivf»r openf* just at the s<mthern apex of lake 
Huron, and the rp<nilt i>» that the driftinjj >and <*onstantly 
p«M««»fl into the rivf^r ;ind rt*ndf» to huild out -^pits aerosi* it» 
head. Thi** proee;?** haj* aetnally <'ontTaeted the «*ntranee to 
one- half the avenie^e width of the river helow. The spit on 
the •*aj»f «*ide !<» \Vi*\\ developeil and its point has been turned 
down '^trf'am by the *Mirrent of the river. The predominance 
of drift from thf» <*a8t shore haj» <»mwded the river over atjainsft 
it«< \ve«t hhitf and filled in the oUl (?hannei for a mile and a 
half on the ♦*ast side. This ••rnwdinar proeess has made the 
rapids at the head of the river. As the sand is «*wept into the 
opening it i*» <*auerht by the f'urrent whieh sets in <tronti:ly at 
the ^tart ( four and a half miles per hour) and is <*arrie<l d<»wn 
•itrpam. Onee in the rurrent the ^and is kept rolling; al«»nii: 
the b#»ttom until lake St. <'lair is reached. Here the river 
'ifrikeo ^till water, spreads out. and shwkens its rtow. At this 
plaee. therefore, the sand eomes to rest and the trreat delta of 
the elear river has ijradually i^own to immense proportions, 
and at a plaee about '1^ miles from lake Huron. The delta 
ha«a filled in nearly a quarter <»f lake St. (.'lair, and it «*overs 
nearly I'M) «»quare miles. The averatje thickness of that part 
of the flelta which has been built ^^iiu^e the bej^inning «d* tht* 
eastward uplift, supposinjj^ the level of the lake at that time to 
havf» been about 35 feet lower, must be li) to 30 feet. It tliere- 
fr»re probably contains not far from a cubic mile of sand, not 
cotintinjjf s!ibmerj^ed extensions, which would pn>babiy nearly 
df>uble its area, but which are mostly thinner and wouUl not 
f^(U\ ajreatly to the whole mass. 

It seems clear that the ji^reat eastward uplift did not «H'cur 
until NiajE^ara had consumed a large part, perhaps half, of the 
time which it has taken t«» cut the gor^ back two miles. The 
rnte r»f the recession of a cataract is liable to many irregular- 
itie-^. But if the rnte for Niagara has been substantially uni- 
forni. then w^ might say that the St. (lair delta has been 
built in approximately the time that Niagara has been cut- 
tifij; bjick it** last mile. Presumablv the current of the St. 
( lair rivfr wa*< -itrr>nger in the past, before drowning by the 
fa -at ward ii[>lift had progres-^ed so far as now. The power of 
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the river to carry sand therefore has probably been gradually 
decreasing as drowning progressed. The Nipissing plane 
projected southward to the mouth of St. (,'lair river, passes 
about 85 feet below its present level and below the bottom of 
the shallow lake. It follows that the delta above that level 
has been built since the eastward uplift began, and this im- 
plies a considerable lapse of time. It therefore puts the V>e- 
ginning of the eastward uplift relatively a long way back 
from the present day. But that is probably all it does. It 
reveals very little as to the present or very recent status of 
deformation, unless the one to three feet of water which now 
covers most (»f the delta may be taken to show a very recent 
drowning. As to the probable character of the most recent 
change, however, good evidence of another kind is close at 
hand. It was pointed out above that a northward differen- 
tial elevation affecting the whole basin of the lakes as a rigid 
vessel would cause their plane to swing on an east- west axis 
passing through Port Huron. It follows that if there has 
been a very recent predominance of northward over eastward 
uplift, it ought to be recorded on the lake shores north <»f the 
P(»rt Huron axis and south of the node line A A. The long- 
est shore comprised between these lines is the west shore of 
lake Michigan. It is much the most favorable, audi have ex- 
amined part of it closely. The appearance of that shore be- 
tween Sheboygan and Two Rivers is described in the third 
paper of the above list. It shows no sign of a recently aban- 
d(»ned northward-rising beach, but affords instead positive 
evidence of present or very recent encroachment of the lake 
up:>n the land, showing apparently that the very latest phase 
of deformation has been eastward more than northward ele- 
vation, raising the outlet at Buffalo and consequently the level 
of all the waters west of it.* 

At Mackinac and in the vicinity of the straits there is ap- 
parently an old water plane now submerged five to ten feet. 
It is seen in the wide submerged rock shelves and in numer- 
ous gravelly shoals in the adjacent parts of the lakes. But 
not enough is known of its character to be of much use in 

*This fact may nMiuire a considcrablj* modincatioii of Dr. Andrews' 
♦•stimate of |)<)St^laciaI linn' bas«*il on tin* «*rosinii of this shore. (Quolod 
by vari«)us writers from the paper nu'iitioiied above. 



1 74 T't^ .l.**^'.#*.'i* 'Ir^r^h^^ftsr. 

Thii*. fh*^n. :» rh»- :ii#»rnfy if rh»» -»*^<rfm#l aiie Atfsr^miiiin tnii 
.^f •'h*' -^iJvfc^ii^^nr riii'f.^rm^trinn ^^f its* •neienr ^srantr piane. ^» 
f»r ?»«• -•*l»r^$» ♦'o rti#r ;»rp?i ^!iu*h w/it^ :Mrniailir Mfmpufti rjT- die 
;>#U»» it*»^Jf Thf'T** ^Tf*. iinw^r^r. ithi^r '>iinyinir r*^2H»n*. wtii«*ti 
•sr^r** ^\f^\j ;irf#^f»*fl rir rh#* ■^itn**^ <li^f«ir!iiain«»nj*. S>nie •f 
rh'**** ar»- n<»ar ^nd 'icliKr* rhar wen* lesi»'?tfn::iiniv invriived^in* 
ff$r «w^y. H'lr ^ full «tij**ni<»!*iim of die evitlenee^ frnm -Hi«*ii 
r**5p'»^*» 'jrnilrl >nfirth«»n rhi?* papier tinduir. 

/r^////#/#y. r^k^ ^.r\^, hnw»*v**r. b#*ranie -•o ••ii)*?«HV «?«>netfmi-il 
vrirh a:I rh*^ 'rh^ni^ip^ »fCAr rhe *'kpeninff«>f che >t. « lair i>uti»-i: 
rhj»r if r*an hardly h#^ •'»raitt**tl. It lie^ eatir^Iy on dit? Ii>w»>r 
*id#* 'rf nh«* nf»*1#» line AA. and ail id* *hon^ were tiieT^f«»nf 
r1r''»wn**fl wh^n rh«> *»^j»tvrarri cr»mponent of defoniiati«>a b^trun 
tA ^'-r : Jind t\\^j w»»rp alfi-tred to a !•*?** deOT»^ in the !?amr 
way hj the northward rr»niprment al:»«>. The Xipi;*i?in^ plan»r 
^rfA\\*'f'<\ southward iinrl#*r lake Erie would pas^ about •>♦> f»-rt 
pK-n^'^rh rh^- pr*="*<enf l^r^! at the niouth of the Detroit riv*-r 
ftnd ^b'oit 80 f^^-t hielow Sandu?-kj and Toledo on the south 
«hor#'. But it may ^»^ that th** planr dt^.'rea.'ae* its^ tleciivity 
j^rn<|ij«liy ■-^'Uf.hwar^l anrl duf* n«»t pa'-s -^o d*r»:ply umler :i> thestr 
ih/nr*-'* -^uj^j^f^t. All the rivf-r* of lake Erie, including: even 
fh^' fiiuddv. •*ilf-^>earinj( Manmee. are without deltas, and have 
^rprrt e<<f ii^fri^'", many of whi^'h are navio^able. It is undoubt- 
e/llv the re^'enf flrowninj? of it* •*hore* that has made the'^e 
h^irbor-. liefrire that ehanj^e took place, the Maumee iiiusi 
have fjad a fall of eon*»id**rable bight over the rock ledji^es 
above Maurriee ("\ty. The reeent backing up of the water is 
plaifJv -^howri by many spits and bars, like the points of 
Manriiee bay. Sandusky and Erie, and those at Pointe Pelee, 
K/ifiHeaii »ind I^ong point on the Canadian shore. Upwards 
of a thouMaiKJ H(|iiMre mibs r>f the former lower valley of the 
MMimiei' w«'r<' submerged by the eastward uplift. 

TIh- cbM |m'«I place in lake St. (lair is 80 to 85 feet at the 
<\lr<iiM' lowci- end of the lake, almost within the head of the 
hrtroil river. The mean depth of the St. (.'lair river is about 



2^he Second Lake Ai(/on(jinn. — Taylor, 175 

*^0 feet, and it is the same for the Detroit river, except where 
it spreads out between islands and beeoines somewhat shal- 
lower. There is one point in each river which is nine fath- 
oms or 54 feet deep, and for considerable distances the depth 
is seven to eijrht fath(»ms. The soundings in lake St Clair 
show that the bottom slopes olf* gradually southwestward from 
the front of the delta to three or four fathoms and seems to 
show no submerged channels except near the outlet. It ap- 
pears from these figures that the lake is shallower than the 
river above and below it, except at one point near the head of 
the Detroit river, and that there are parts of each river 
that are 25 feet deeper than the deepest point in the lake. 
Hut with so much sand passing through the St. Clair river, 
there must have been a considerable tendency to fill up the 
bed of the river itself. No doubt some filling has actually 
taken place. But it has probably been mainly by the coarser 
sand particles which were able te resist the current that 
swept the finer grains along to the delta. The delta has dam- 
med the stream to a small extent and so deadened the current 
slightly. 

Although it passes through only one plane of observation, 
the line EK has be(»n put upon the nuip to show where that 
isobase would be, supposing the defornuition at that distance 
to preserve a parallel relation to the other lines. It is not to 
be supposed, however, that the rise, or its acceleration, nec- 
essarily passi'S on indefinitely toward the northeast. It must 
come somewhere either to a fault or an anticline. A projec- 
tion of the isobases towards the southeast beyond the limits 
of the map shows that lake Ontario lies full in the track of 
the main Nipissing plane, and also that EE passes right across 
the crest of the barrier which holds the lake up to its present 
level at Ogdensburg. Ontario's shores show many evidences 
of a recent change of the same kind which has drowned lake 
Erie. Along the s(»uth shore there are many drowned bays 
with recent spits and lr)w bars, built across their entrances. 
Such are the Sodus bay's, the Irondetpioit and Hraddock bays, 
and several estuaries along the shore west of Rochester. More 
of the same kind and ver\' striking in their appearance are 
crossed by the Grand Trunk railroad in Canada between Ni- 
agara Falls and Hamilton. The great spit of Burlington bay 
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is very conspicuous at tlie latter place. The beautiful bay of 
Quinte is the drowned lower portion of the valley of the Trent 
river. Between Mexico bay and Drowned island on the east- 
ern shore there are more bays like those near Rochester. Wei- 
ler bay and East and West lakes, on the Pictou peninsula, are 
of the same kind. The St. Lawrence river above Ogdensburg 
shows plainly the effects of a recent drowning. The lands of 
that region, like those of the Erie basin, have recently been 
tilted upward at the northeast so as to raise the water in the 
upper St. Lawrence and in lake Ontario. 

While there is at present no direct proof that all the late 
uplift affecting lake Ontario and the St. Lawrence was so re- 
cent as the eastward deformation of the Nipissing plane, still 
there are many facts which point to a large and very recent 
uplift of the whole Champlain-Ottawa-St. Lawrence-Hudson 
bay area. I cannot dwell upon these facts here. Hut if the 
degree of deformation recorded at North Bay is actually car- 
ried t^ the St. Lawrence, then it would account for more than 
160 out of the 247 feet which marks the elevation of lake On- 
tario above the sea. In this connection the fact should not be 
overlooked that the amount of deformation which is found 
within the area of the four upper lakes is only relative. The 
total amount of uplift measured from present sea level is not 
disclosed by this discussion. There are many suggestive facts, 
however, whicli hear upon this important (juestion. In a word, 
the conclusion which they suggest is that the Pleistocene up- 
lift, which has so recently raised the marine fossiliferous beds 
of the (.'hamplain submergence, was the same movement that 
produced the eastward uplift and deformation of the Nipissing 
plane in the upper lake basins. It maybe appr(»priately called 
theChamphiin uplift. 

SlMMAKV AND CoNCLl SIOXS. 

When the outlet of the three upper Great lakes was shifted 
from North Hay to Port Huron, lake Erie was taken into the 
combination and since then has been atf'ected by all changes 
in substantially the sjinie way as the other lakes. So far, 
then, as relates to the history of lake Algonquin, and of the 
four upper hikes since the extinction of lake Algonquin, the 
successive steps and stages may be summed up as follows: 
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1. Widespread marine submergence prevailing at liigh lev- 
els in the north, producing a strait over the Nipissing pass 25 
miles wide and 500 feet deep and attaining a mean hight of 
about 1,150 feet above the sea in the basin of lake Superi(»r. 
Another strait passed at the same time t)ver lake Tamaganiing 
northeastward from lak<i Huron, and probably two others 
opened northward from lake Superior over the Hight of Land 
to Hudson bay. 

2. On the rise of the land from the marine wat<?rs, Nipissing 
Ptrait was the last to close and hence became the outlet of lake 
Algonquin, which was brought into existence by this change, 

3. From the first, or at least from the time of the formation 
of the Nipissing beach, the level of lake Algonquin was very 
close to that of the St. Clair outlet, so that only a very slight 
uplift at the north shifted the outlet from North Bay to Port 
Huron, without making any apparent break in the plane across 
the North Bay east-west axis. The sea in the Ottawa valley 
had probably fallen only a few feet below the level of the 
North Bay outlet before this change took place. 

4. It was a very gradual and simple northward ditferential 
elevation which shifted the outlet, and for a considerable time 
after that the areas of the four upper lakes were affected only 
by a progressive continuance of the same elevation. During 
this change the level of the lakes swung on an east-west axis 
through Port Huron. 

5. Later, the uplift at the northeast introduced an east- 
ward element of deformation and tilted up the Nipissing 
beach of lake Algonquin, so that it now rises 1(55 feet from 
Duluth to North Bay, and its direction of greatest rise at 
Mackinac is about N. 27° E. This uplift began long after the 
abandonment of the North Bay outlet and of the whole of the 
Nipissing beach north of the Port Huron axis, and also after 
the independence of lake Superior had been attained by the 
simple northward rise. 

6. (a) The heavy and very regular beaches of Nipissing 
and later age on the south Superior shore show that the water 
in lake Superior fell away from the Nipissing stage with ex- 
treme slowness and regularity, (b) The cl ill's of the same 
shore standing partly submerged mark the level of the Sault 
beach and show that the water fell for a vertical space of 50 
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;-*,*•' ^» -' .<rv*' iyi-i^*! ^itf^- £p^!m'^f' •arArair?' 'f 5^ a^rtn 
/« 'v/s'^ v^-^r T%^ kcii«» •'»f -^<wia. •rjmnr Tr*»miii3Afi *#* t^- >n*'— 

l^,'/ '*'.^ f. ^r*v 7 -» **is^t 4^'3pp^«»'- T?»#^ f '*>r!m#?r *r!uwi^ '»rT»fi;£nc 
^"•/^^ *<:/' VI >fn^^ '.^ ♦h>' *^|^*^ 2^ ''rr i^i fi>*^ ''ff die M". '/air 
/I/ ♦♦• 

<# I fi/' A^f»»^f^4'h r,f ^ f^f^f^tT,y 0itMnfVfa*^L north wardlj risking: 
>ft yf^'U '/f» M»#' ir**f. ^h/'f' 'rf iak#r Mlftitiptn, between tfa<r n»>cl*f 
;»f./ r#fi/l M»^' I'^rff. H %ff*f% JBxim, p^»mf* r#> an eastward ntth^r 
Ihrttt yf hoftU ^ftrH u pit ft Hm \9^ing; the Iate#t phai^e of chan;rH. 

10 Mkffty •nj^^/'tif.iv*' fa/Tt# pKftnt to a eorr»rlation of th»^ 
t'nnt'^nft\ »ij»f»ff whi^'h rj^rformefj the Nipi«#ing plane with the 
t\t"/$fliou of fh'< fiOftb#T««fem barrier of lake Ontario and of 
Hi/ /|/'ffO«H« of fh'' ^ liMinpfain mibm^fr^ence in theCharoplain, 
|/>w^f H> t,ti^rt^ft(*4', and ffiiiUon haj areas. 

Kforn lh#« ■fii/ly of Uk#? Al^onr|ifin and theearth-moveraents 
wff)/'fi liMV/< /b«forrn/'r! It* wat*?r plane, we are led to n few 
/»lh»» ohvloMM /•rificliiwIofiH r»f a wir!#T sort. GeologicHllj, the 
\iiUh llm-lf WM»» M v^ry rt'ci'Ut fhin^. But the great Cham plain 
ii|iliri whi/'h lfilro<|ii<'«'(l thf; (;aMtwar(l eleraent of deformation 
wnn rtllll fiinr<> rvcout. Wh«?n we rcHect on the great magni- 
hiih nl' I hi' Mirih <'hniigrH involved, both in their amount and 
Mil mI inIi'IiI, (hi'lr rrrrntneMH in time beoomcB more and more 
Iim|im>mh|u« mm m h'MMon in th« poHHlbilities of late geologic his- 
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tory. The cause of these great changes is at present veiled 
in obscurity. Above the level of the Nipissing beach there 
are other complex series of shore lines. In the south they are 
undoubtedly referable to ice-dammed lakes of the glacial re- 
cession. But those of the south are not connected with those 
of the north, and in the north, where they are highest, there 
is no evidence of any relation to an ice-dam. For lake Algon- 
quin in particular there is not the slightest indication of any 
relation to an ice-sheet, and there is no p(»ssible ground or 
excuse for such a supposition. All their stages and deforma- 
tions are more plausibly accounted for in other ways. 

Much yet remains to be done, especially in the way of sys- 
tematic exploration, before the complete postglacial history 
of the Great lakes can be written. But this sketch of the his- 
tory of lake Algonquin is offered as a small and necessarily 
imperfect contribution to the study of the recent history of 
the Great lakes, and in general, of Pleistocene changes of land 
attitude in eastern North America. 

Explanation ok Fioi'rks. 

Fi<i. 1. Dia^rram s}iowin<? relations of thr XipisKiii^ and Saiilt hoarlii^s 
til i^ach other and to the SuiM»rior and Huron plam^s. In the vertical 
sr:ile the Huron plane is taken as zero. Tlie Sault beach is confined 
••Mtirely to the SufM»rior basin, and marks the last beach made bv lake 
Sup*»rior before the j^reat eastward or Champlain uplift which tilled the 
Nipissing plane. 

Fi«. 2. (After SixMicer, m<Hlified.) (.-ross-sections of Niaji^ara K<»Pjre: 
t', jrorjre of WbirliH>ol rapids, just below the railroad brid^res; I), at. John- 
H4)n*s ridj?e. about a mile above the bridjre: and K, at Horseshoe fall. At 
the top, in the Niapira limestone, section (' is about half tlie width of 
!) <ir K. Section (^' was made by the Kripm fall. The InHpiois beach 
(IXl fei»t above lake Ontario at licwiston) was made by the sea at the 
same time, and ii represents its level as the wat««r sl(M>d in the Kri^an 
;:orjre; 6 6, probable rock bottom of Krigan j^orge, representtul as 7') feet 
bi'low present surface of rapids: r r, the present river surface. 

Fkj. 3. (After Spencer, modified.) This figure is intended lo show 
the probable longitudinal .si*ction of the gorge from the Hors(*sho(> fall 
to a |K)int a little below the WhirliM)ol. It shows the Krigan gorge 
shallow and with bottom inclined. The depth of water at thi' foot of 
the Erigan fall is to be measured from the Inxpiois level, and was 
th«*n*fore probably alxuit two-thirds as deep as the present p(M)l at the 
falls. 
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EDITORIAL COMMENT. 



(rLAriAF. (rEOI.OOV <>F <;rFAT BrITAIM ANI> IrELAXD. 

Subflef]|u#»nt tn our t«>«> -^hort noticp of the posthumous vol- 
ume by Prof. Henry Carvill Lewi**, betirini^ thif« title, as given 
in the AMKRirAir (tEot.o^tIst for last October ( pa^ 253). we 
have received from Prof. Percy F. Kendall, editor of the Glit- 
einlisifs'^ .}fnfjnzhte, the followingmore full note^ and estimates 

of this very important work. Prof. Kendall writes: 

Many CHn<it»s conspfr»»<| to def»»r rh»* publication i»f this work until 
Lr**oloirists In Am»*nr»a anil Knmpc had betrun u* despair of its ♦•v»»p s****- 
ing" th*» liarht. Th#» delay lias n*»i lM»en an unmixetl evil. r»»r thouirh 
many of rh»* obsepvalions made and the conclusions arrived at ori;:inal- 
ly liv ^h^• !;iie Prof. Carviil Lewis have in their publication bei*n anlici- 
l»ated hy of hi*r wi»rk»»rs. y»»t scientific opinion in Kn^land Is now far bet- 
ter prepannl tn acroni them a sympathetic reception than it would have 
b^M'n had they, as was iniendiHl. been sriven to the world within a yenr 
or so of Ills lament»»tl death. In no other bmnch of ireoloi^ical »*nuuir) 
has fh»' irr»>wth of of»inion b»*en s<» rapi<i jis in that reirardinir ihe causes 
and eonditions of the irlariation of the itritish Isles. 

When, afti'r a hasty surx'ey of the British •flaciai [dienomena. A:raiisi/. 
an<i Huekland made an ^mphatir pn>notincement in favor of the view 
that land iee on a vast scale had of)erat<Hl ti> pnnluce the effects they 
rioted, ireoloi^ists s<K»n ranired themselves in two sharf.ly antasfonlMk* 
ramfjs. Whereas some accepted in their entirety the new vi^ws. others. 
(•omprisitiL' the older anfl perhafw more cautious r»»asoners. >till adhered 
to the timehotiorefl catastn)phic dm^trine of "jrn»at waves t»f transla- 
tion * Opinion for a ionj? time «)scillated betwe«*!i these two extreme>. 
birt by deirrees an af)parei)f {M>sition of n*st was found in the sujr^^esiion 
of som»' impartial observers who. recoirnizinir. on tht» one hand, the irre- 
frairable test im«)ny of St riat»tl surfaces, the evulenct» of fjersisient car- 
riaire in one <lirertion of errallcs. and th«» existence of well defined 
moraines, and. on the other, the efpiuily incontestable occ!iri>»nce t»f 
marine shells in drift defMwits at hisrh altitudes. acc»»pted the jrlacial 
hyfKjfhesis as an explanation of the former set of phenomena, while ftir 
the latter they accounted by a ureal snbmerirence of the land. Thi> 
\ iew. in course of time, completely stif>planted the <>lder thei>ry of jrreat 
waves of franslalion. iifxm which s«> much mathematical skill was 
brouirhl to iK'ar. and it came to be n*!ranle<l as one of the articles of th»' 
rT>'*-t\ of scientific orih'Hioxy. 

Aff^r frolj fMiblishfd his luminous elaboration of the eccentricity 
iheoryof the eanse i»f the lee ajre. »»vidence of interglacial ep^x'hs was 
soiiifhf far and wide. The occurrence of beds of sand or irravel in the 
drift was a<<'t>t»<l as ifmn fnrlo pro<»f of a warme|XM*h. and the existence 
of sh'ils in t Inm was p»irarde<l as additional eviden<*e. To this idea. 
lH»\v»v»r. th<»iitrh all iin wit tinirl\ . <'roll hims<df gave the first bKiw bv 
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pmvinp that the fra^fmeutapv sh«*Ils fnund in the lH)iiUUT-clay of Caith- 
ness were merolv the comminuted relics of shell-beds of the North sea, 
drugged in uix)n the land by glacier ice. Bell seized iij^on this discov- 
ery and applied it in explanation of the origin of the high-level sand 
beds of North Wales (Moel Tryfaen), which he considered might well 
be ascribed to the action of water near the edge of a glacier. This view 
was strongly reinforced by Tiddeman and Goodchild in their epoch- 
making papers on the glacial phenomena of North Lancashire and the 
Vale of Eden. 

A fierce controversy ensued, centering chietiy around Belt's pa|x>r.s. 
So great, however, was the weight of authority arrayed against their 
daring author, and so strong was the tendency to measure all glacial ac- 
tion by the millimeter scale of the existing Alpine glaciers, that not all 
Belt's |K>lemicaI skill nor his great field-experience (by a recent writer 
5itrangely minimized) could avail to secure him more than a half con- 
temptuous hearing. With thedisap|x»arance of this bold pioneer ceased 
the unequal conte.st which he had initiated, and for a dozen years or 
more hardly a voice was raised In favor of his views. 

Eventually Prof. Carvill Lewis, fresh from his work u|X)n the great 
terminal moraine in Pennsvlvania and the adjacent states, visited 
Britain with the intention of studying the effects of an ice-sheet u|Kin 
a country similar in orographic form to Greenland. Ireland he con- 
ceived to furnish the nearest parallel, and he at once set to work and 
obtained, by a series of traverses, a g(M>d general idea of its glacial phe- 
nomena. In the course of this work he found what he considered to be 
evidence of a great terminal moraine marking the extreme limits of the 
ice-sheet. Finally he turned his attention to the sister island. His re- 
sults were announced to the British as.sociation at its meetings at Aber- 
deen, Birmingham, and Manchester, in 1885, 1886, and 1887. In these 
communication.s, albeit they were, as his editor says, "to some extent 
'trial pa|M»rs,'" he sounded no uncertain note n|>on the vexed <|uestion 
tif the '*great submergence." At the same time he ex}KHinded views of 
jrreat, nay, entire, novelty, regarding the demarcation by great terminal 
m(»raine8 of the limits of a series of huge glaciers whose courses he 
traced in England and Wales. He also recognized a system of extra- 
morainic lakes of great size, in which he thought the whole of the 
low-level drift of England south of the Trent and the Humber to have 
been deiwsited. 

These opinions took English geologists completely by surprise. Not- 
withstanding that the winning graciousness of Ijewis' manner, his elo- 
quence, perfect mastery of detail, and wealth of illustration, made the 
ex|)OSttion of his views one of the richest treats of the sectional discus- 
sions, he yet failed to entirely convinct^ his hearers. Thi* late Dr. H. 
W. Crosskev, who was s<*cretarv of the Erratic Blocks Committee of the 
British Association, met him with fact pitted against fact; but it must 
be said that Lewis showed him.self as adroit in defence as in attack. 

During the summer (»f 1888, Lewis returned to England full of large 
schemes of work, but bringing with him the seeds of that malady to 
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which in a few days after his arrival hi* siiccumbi'd. All his manu- 
scripts and field not^s. in a<»cordance with his dyin*jr nnjuesi, were 
placed in the hands of his generous adversary. Dr. Crosskey, who un- 
dertook I he onerous task of editing them. How well he performed this 
friendly office will be seen by a perusal of the sixty-seven pages of intn»- 
duction which he contributed to the work before us. 

To fit himself for his undertaking, Dr. Crosskey visited the wonderful 
series of drift sections displayed during its construction in the course of 
the Manchester ship canal, and with the assistance of some local g»'olo- 
glsts made a careful scrutiny of such as seemed likely to throw light ujxm 
Lewis' work and his great deductions, with the striking result that in 
(»ne important particular he became a complete convert to I^ewis* virws. 
On page Hi he says: 

'*Moreover many of the beds, although not all, within the 100 to \M) 
feet level, which contain marine shells. Prof. Lewis attributed to the ac- 
tion of a great glacier which filled up the sea — as, for example, tin* 
Irish Channel — and, travelling onwards, tore up the sea bottom in its 
passage and distributed the material so derived over the land. A n*- 
markable proof that Professor Lewis was right in this account of ih«* 
origin of at least /w>wi€ of the shell-bearing boulder clays found at l(»w 
hovels has been given by the excavations recently made for the j)uriM)s<' 
of constructing the ship canal between Manchester and Liv<»riXH)l. A 
.series of boulder clays and sands has been brought to light, in which 
the boulder clay resting immediately on the basement rock contains 
both (I) material derived from the riick beneath it; (2) material from 
tin* sea bottom; and (3) material brought from distant mountains. 
Fragments of local rock have been torn off and imbedded in tlu' boulder 
clay resting uiH)n it. The basement boulder clay, as well as the super- 
imixKSed boulder clays and sands, contains marine shells in a more or 

less broken and fragmentary condition At thesame tinn* 

there are extraordinarily clear i)roofs that the ice (to which alone it Is 
IK)S.sible to a.ssign th(* formation of the.se boulder clay.s) was in niolloji 
and pressed onwards from the northwest towards the Si>utheast. . . 
. . . I have examined the ship canal sections, and can come to no 
other conclusion than that the boulder clays, and at least a \n\vl of the 
sands, are the results of the morement of a great glacier which cann- 
down from the northwest into the Irish sea, carried the debris it iherr 
accumulated over the plains of Lancashire and Cheshire, and mixed it 

with locally derived material ThAi a f/Uirit:r /tuM rcrtuinh/ 

acted upon the Mttrface of the local rock appears to me i)roved. The b»)un- 
darles and the depth of the glacier, not its existence, are, 1 think. iIk- 

questions left for determination The many (luesllons whieli 

are involved in the various theories concerning tin* elevation and de- 
pression of the land cannot all, however, be solved by the fact thai fos- 
siliferous boulder clavs and sands can be and have been formed bv gla- 
ciers advancing from the sea." 

This extract will show the generous and truly scientific spirit lit 
which the editor discharged his duty. But it was not granted him to 
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sr«' ih»» work through the press: for a suddiMi and niH'xiH*cl«'d rccurronce 
«»f a painful disorder, from which he whs siipiK)se,d U) be thoroughly 
CMUvah'sceiit, broiijrhl his career to a clos<». 

Of this work it would b<^ difficult to sfx^ak in terms of praise itx) hiph. 
Thf pa|M'rs. put toj^ether from fragmentary manuscripts, are clear and 
forcibh* e.\i)ositi(»ns of Lewis's observations and conclusions. They are 
liberally illustrated by a series of beautiful maps. Lewis had aremark- 
abh* habit of giving to his field-notes the form of a continuous narrative, 
instead of that of a mere congeries of brief joltings, rarely intelligible to 
a second perst>n, such as contents m<»st geologists. The section of the 
l>«M»k in whicli they are recorded is there fon* equal in value to the pa- 
li«*rs tht-mselves. The notes are full of minutely accurate observations, 
with a running commentary of shrewd inferences. They are moreover 
int«'rs|H»rs»Ml with extensive references to the glacial bibliography, often 
admirably abstract^Ml, of »»ach district examined: so that they will pro- 
vid«'. ihr*>ugh years to come, guidance both in the field and the study, 
for those who seek to follow T^ewis' steps. 

There are jKnnts whereon the present writer feels constrained to ex- 
press dissent fn)m Prof. Lewis' conclusions. He states, for instance, 
that Wharfedale in Yorkshire was not glaciated in its lower part, a cc»n- 
clusion difficult to reconcile with the existence of the great planed and 
irlaciated surfaces which he himself saw. His ascription, too, of the 
formation of the great chalky boulder clay to the action of shore ice in 
a great extra-morainic lake seems clearly negatived both by the charac- 
Ut of the deposit and by the absence of any high ground limiting the 
hike to the southward. The recent discovery there of an ast^>nishingly 
large erratic of chalk, at least one mile in length, situated many miles 
fn^m the nearest outcrop <»f the parent rock, is a fact which seems to 
IHiint most clearly to the action of land- (glacier-) ice on a vast scale. 

The limits of .space forbid a more detailed discussion of the many 
m<'rits of this remarkable book. Suffice it to sav that the tendencv, 
manifested in Kngland since ]i«^wis' death, to regard with favor his at- 
tempt to establish a parity between th(> glacial phenomena of the Hritish 
Islands and those of North America, will receive a i^owerful impulse 
from this work. p. f. k. 
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(ht Hv.it formtt of nmrine Alucpfrom tfw Trenton tlineMton4\ trffh oftnerrtt- 
tioun on Huthograptifs laxnttUhW. K. P. Whitkikld. (liul. Am. Mus. Nat. 
Hist., vol. VI. pp. 351-JJ58, pi. xi.) This is one of the most interesting 
and im|M)rtant articles :>n fossil algie which haveapjK'ared in a hujgtime. 
As the author says, then? have been so many forms described as algie 
which may be worm burrows, tracks, trails or markings due to inorganic 
causes, that the finding of fossil algae in so old a formation as the 
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rri'iiUiM \\%\M'%\i%\\^\ fihowiii); luimiHtHkublt; (.'vidcncf of organization, is 
H rriHll'T of f(r«'Ht irilrn'Ml nnd imfMirtHricc 

III hiM f*'U\MV% iifKiri liultmyraptuM Uuhji, n*^apil»*d by Hall and r»th»»rs 
M* H KrufifoMif, I'rof. VVhittt<'ld mi'iitionK the abK(?ncpof anycdis on th** 
MfifH'Hor iiniiirhcN. iiiid fH»iiitMoiii \.\\v |>«'ciiliar articulation of the pin- 
iiiiU'H lo the >it('niM, 'V\u' m<Mlr of growth is similar lo that of th(* ni<»d- 
iTii u«'iiiin ('aiilrrini, hut from IIiIh it ditf«TM in liaving lh«» pinnuk'S ar- 
Ih'HhitiMi (n (he MlifH' hy n rltih-Hha|)«*d baK(\ instead of their b«Mn^ 
•limply nimltleitlioiiM of the central HtiiM*. He objects to the use of the 
liumi' ftut/iof/niptUH and helleveM liutlwrUuptvti would be a better term. 

Two new ueiiera and three new M|N'cies are described. All but one 
are from Ihe 'rrenliUi (»f \VlMc»MiMin, an*! this one occurs in the Trenton 
of New Y«>rU. One of the forms was loiijif ajro noticed by Hall under 
Ihe name of Ohthomid J'rufirimu. It Is so obviously distinct from OM- 
htHHt'ti, however, (hul it ref|iilresliltle urjr"'ni«^*nt t4) remove it from this 
tfeiiun, and urrortllnjrly Pnif. Whiltleld has pro|x>sed for it the name of 
(\iUilhitiHHofniiiifru(irtnHi(\\h\\). For u second s|K»cies associated with 
Ihe \Wh{ and h»ferrt»d hy Hall to his (Htthnmut fniiirami^ Prof. Whitfitdd 
ph»|MMeM Ihe name (^htftomorpAa 1 pHintt. It does not seem at all likely 
Ihal the mtalorn^ )Iv4iih )^'nua CUi9tomorpUkH dates back to the Trenton. 
and IV»f Whiltleld would. |M'rha|vs have done belter in pn>fiii6>insr a 
new name like C'A«#^»«m»»r|Mi»#Wr«. for example. For while it may be ttt- 
C^^*4\*m^r^t^ U »s les.> likelx to Im» the same ^nus. 

F^^r (he thir\i and fourth >(M'oies the new generic ami sprirific iiaa!i«r<^ 
o) f 'W#vH*4t«la« i^atHH^f and / VtiNiir«»iNt/A<a4t livaltHk^iMtip atv- pcMfwise^L Tin* 
rtrNi %*( ih«^^v IS ass*HMat«Hl with iIumjh* pr«»viously iBenlki»f«l en WDs«rv>o- 
MH. lh«^ SK^sMul ^HVUtN in New York. This last siBftrilif^ » ^^rj iBtrt*-r»»^- 
ii^< Ml Us siiuctiire ami r«'minds tkite b\ its itene-rU h«b«t ;kit^ imnht of 
^rv'Wl^ v^ iht^ nu*iWr« frvsh-water aljta /{••/i^tidU'^jwniaifl* jmntMstt^nm 
W tN5,s s|yv^v-s K^K ih^^ |^imar\ and s»*i>HKiar> b>rfc*f^*'*r pnuitiiHif .^^»* 
iMv^rv i»um<?vHfts than »» iht' f\*ssil, but the BK^Ie o^T «?»iM»tjrt lb die nwo :s- 
^u#VJVtf5ix si^»^U^^ 5o wake a cx'^mtxtrtrii^^ ;5AS4sS*^lI.k<•. 

W'/ .*rv ^"^ l'.'^ ^•s' *5 Tatsn svmkiv f^^ssi^ f«i>rm> fi^'iiik 5fi;». '#iii»*r fortnaJifn 
>«'>-c:> 1*' vTtfcn !^?v{» Ho abs*r.^pjr «tttK>«l H4»^?At:ic£ w^dlhT'^r lot. niiiM- tnit;. 

u^tt 'jitAi. f>\' K5«>'«;'« rvi:iWFt«i:JS*lV>»>i*«LV. Sr 51. I?i» k%»«u. P*>iiV«**»r -h' 
l^j«»ioicN ft H'MiirXi^ •iVi.iViC' XfcCTrr'^.'fcx A hV» TTiib^ -vrips I r 1511 
pa;»»*> > ii* 'liv*! nf»; -ka ,rtyifc5^c»'r> m '^ir "ih' ^Ml4i»*i»iiir *sln«^ \ Hn* 

r'i»' ^'le•ilOJ£•IL:l^^ %n\i '\u x"*^ F*t »,»»*. «7it»*'*v "^ ITh' TvviililituiiMK •(' 

!!*!»♦ wiiihir •»tr*'- sioii*** in: n n:] if "tw ♦^•'otinutt :ittr^ '^nirh > 
•♦Hittmih iiouirnt o iv inmer*!. k -i ^'i*- :' «•»♦«::*• •ii%i^t'«iu wtu tmi i> 
■ ti<>v*«U«umetii ins- i»^!i ir-whm.. V^w n»c' ;^n»f ip»ii?in»ti*i ti'»rr«-*^ rm"^ 

Uliiixiiiiitinifr. TTie ^firne'' tet:!i»*'^»i • lur «.iii*r ?> tn* :xaBir*tai 'r»»fli 
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%vhich all lift* aros«; and out of which it exists. Anaximander ((Ul-547 
H. C. ) regarded the earth as having first existed in a tluid condition, and 
from its solidification all living creatures, beginning with men. ap- 
I»<»art»d. He was the first to teach the doctrine of abiogenesis. His 
pupil. Anaximenes.thought that plants and animalswere produced fr<»m 
lern'strial slime through the agency of the sun's heat. Empedocles 
(495-I35 B. C.) made a great advance over his predecess<»rs. To him be- 
huigs the credit of having made the first observations on embryology. 
The four elements, fire, water, earth, and air. combined with love and 
hate, occupied a prominent place in his theories. From the budding of 
plants, came animals: though the latterdid not at first appear ascomplete 
bt^ings, but in parts, — shoulders without arms, heads without necks, etc. 
When love triumphinl over hate, the parts began to unite, but in a 
wholly accidental manner. Thus apiH»ared monstrous forms, — animals 
with the heads (»f men and the reverse. These monsters being unable t(» 
repnxluce s*>on (lisapfwared, and were succeeded by more natural forms. 
In these crude views app**ars the germ of the doctrine of the survival of 
the fittest. He did not believe, however, that the less perfect were suc- 
ceeded by the more })erfect, but that the less jM^rfect were replaced by 
the more perfect. Anaxagoras (500-428 B. C.) used for the first time the 
<loctriue of intelligent design in explaining the origin of organisms. 

The ai>pearance of Aristotle (384-'J22) marked another great a<lvance 
in the evolution idea. His home being on the .sea shore, his opiK>rtuni- 
ties for observation were gixxl. and conseipiently he early noticed the 
gradations between animals and plants. **He was the first to conci'lve 
of a genetic s«*ries, and his conception of a single chain of evolution from 
the |K)Iyps to man was never fully replaced until the beginning of this 
century.'* Like his predecessors, he believed in the spontaneous gen- 
••ratic)n of organisms. He believed in the inheritance of acquired char- 
acters, understO(Kl the i)rinciple of com|K*nsation of growth, detected 
the dilTerences between organic and inorganic beings and between ani- 
mals and plants. Higher forms, he claimed, were produced from lower 
on^'s through an internal jH'rfecting principle. It is astonishing to find 
him, twenty-two centuries ago, stating but rejecting the doctrine of the 
survival of the fittest. 

With the death of Aristotle came a rapid decline in the study of phi- 
Ittsophy. His doctrines were later taken up by the Arabs and carried 
into Spain: but the doctrines were placed under the ban of the church 
»*arlv in the thirteenth centurv, and hence the further studv of Arls- 
lotle in Rurop; was check<'d. 

With the awakening of science the natural philosophers again came 
to the front. Bacon (15(51-1C2(>) was i>erhai»s the first to raise the q\irs- 
lion of the mutability of species. Descartes, a conlemixjrary of Bacon, 
expressed the opinion, that the universe is a mechanism which could be 
explained on a physical basis. Leibnitz in part revived Aristotle, and 
directed investigation to the gradations between speci<;s. The celebra- 
ted (Jerman philosopher, Kant, traced back all higher forms of life to 
simple organisms: reft;rred to man's former quadrupedal attitude: a|»- 
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pr»»ci»UMl rh»* t'fff'cts i)f Hnvininrnt^nl, arcitJenial variation, and art i fie i a! 
>wlf»cti«»n. Ok*»n. for rfasons stated . is nink»*ii mach iow*»r bv (>sb<>ru 
than h** has b#*t*n by Hat-civ**!. His philoHophy is a cupidhs mini;lin;r of 
soi<*nrH anil mvths. 

AmonsT the »*\oliitioniHts of th»* ni^htet^nth c»*ntury. Biitfoti isacconlt^il 
a hij^h plar»*. VpI his vi#>ws varied jrTeati\ at ditf«*rvDt p*»nod.s of his 
v^T^PT. First h** was a s[)**cial cn*ationisT. then an extr»*mi» iransmuta- 
tionist. and finally conchuWi that specit*H ar^ n**ither fixed normutabk. 
Pj'rhafis his flrr»-atrsi service lay in his sujrsresliveness. Erasmus Darwin 
Mni-18^2) b^liHV**d in the s{M)ntan^>us orisin of the luwpsi forms of 
life. Yf»t he was a thon>uirh »*volutionist. The mollifications of form, 
he thoTijrht. arose from n*actit»ns within Che orir^inism. — thus he antici- 
l»ated I^marck. He believeil in the inheritance «if ac«|uired charar- 
fers and mad** it a facti>r in evolution. Th»* author jjives an intereutinjr 
sketch of I^marck whom he pninouncf^ "the founder of the complete* 
mfKl»*rn sch<x>l of descent and the moe^t pn>minent figure betw«*en Ari>- 
fotle and Darwin." He also fak»*s up th»» [Mirallelism beiwe#»n the w*rit- 
in^ of E. Darwin and I^marck. and e.xonerates the latter from Ih^ 
charge of borr»>wing. Perhai>s a criticism may be made here that T-.a- 
marck*s views are not bniught into sufficient relief, though they ar»» 
Slated at some length. The final chapter is devote<l to Darwiu and his 
conlemi»r>rari»*s. 

Thi* work will be of great .service to the general reader as wt* II as t«» 
the men of science*. It should be widely read. J. .\. B. 

A Preliwiimry Rtptfrt on the Utt^fof/y of S^tuth fhikottt. By J. E. Todl>. 
State (Jeolcfgist. (Siulh Dakota Geol. Sur, Bulletin No. I. viii and 17'2 
pp.. r> plates and a geol(»gicaI map of the state, IHSKl.) This is the first r»*- 
pr>rt issnefl by the recently inaugurated survey. It giv»*s a detailed ac- 
count r»f the presi'nt state of knowledge concerning th»* g«*ology of tin* 
.stale, and as such will form a convenient starting p«^int for further in- 
vestigations. The Pre-Cambrian of S)uth Dakota consi.sts of (1) the 
granitic n»cks of the eastern edge of the state. (2) lh»* Sioux quart/.ile in 
the soulheastf'rn corner of the stale, and (8) the slates* schists and gran- 
ites of the nucleus of the Black hills. The Paleozoic strata are not ex- 
tensively develojK'd. occurri!»g only in the Black hills. The Mesozoic 
rocks are the most ext<*nsive in thickness( with perhaps the exception of 
the l*re-('amhrian) and area, and of lhe.se the Colorado and [-.aramie di- 
visions of the Cretaceous cover half of th»' state. Tertiary and Quater- 
nary dejH»sits are well represented, the Miocene covering;! large area on 
tin' ceniral s(»ntherii side <if the state, while the drift is confined to the 
<*«st»*rn half of the slate. After the discussi(»n of the stratified rocks a 
chapter is drvoted l<» th»' eruptive rocks, and one to a sketch of the geo- 
logical history of South Dakota. Th«' reiH>pt clos«*s with an account of 
the ••coiiomic geology. i'. s. <». 

A Sttnitimr// of huttfrexH hi Minnuiloffy and Prtroyraphy in ISUi. Petrog- 
raphy and MliMTaloiry, by \V. S. Bavi.ev. Mineralogy by W. H. Hobbs. 
From the Arner. Nat. Pric»* 50 cents. ) Tht* monthly notes on miiM-r 
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alog\ and |)«^trojurrMphy in th«* Am<'ricHn Naturalist for 1894 have been 
reprinted and bound together in pamphh*t form. An index of authors 
and a partial index of subjects have been added, and the wliole makes a 
convenient and useful summary <jf progress in these two lines. 

r. s. «. 

liepitrt of the GeoloijintI Surrey of Ohio, Vol. VI I. Hy Edwakd Orton, 
State (reoloffist. Roy. oct., pp. xvi 4* ^W; plans and figures. .")« plates of 
fossils, and a case of ten maps showing the outcrop boundaries of the 
principal coal seams. The volume is divided into four main parts, viz: 
Economic geology. Archeology, Botany and Paleontology. There is 
also a general chapter by Prof. Orton, explaining the whole geological 
scale and structure )f the state, and another by the same, on the 
clays of Ohio, their origin. comrM)sition and varieties. A very full 
chapter is on the clay-working industries of Ohio, by Edward Orton, .Ir. 
The coal fields are also described in a summary manner by the state ge^ 
ologist. Gerard Fowke discusses in a very intelligent manner the arch- 
eology of Ohio, lie concludes the account of the mound-builders by 
the following statement: *'Any statement, drawingor description of 
remains which attempts to show they were a race superior to, or ditfer- 
ent from all other natives of the United States, is not iustifled bv anv 
evidence so far discovered." The botanical chai)ter is by Prof. W. A. 
Kellerman and Wm. C Werner. This also gives the bibliography of 
the botanical literature of the state. Some contributions to the paleon- 
tology of Ohio are given by R. P. Whitfield, reprinted from the Annals 
of the New York Academy of Science. 1880. Prof. C. 1^. Herrick re- 
views the ''Waverly group." Aug. F. Foerste describes fossils from the 
Clinton group. Fossil fishes are discus.sed by Prof. E. W. C'laypole, and 
Prof. A. A. Wright adds a supplement, the substance of both of which 
has api^eared already in the American Oeolckust. New Lower Siluri- 
an lamellibranchs are described by E. O. Ulrich, being an extension and 
supplement to work on the same published by him for the Minnesota 
survey. The book contains a large amount of valuable material, and 
conslitntes a worthy finale of the re|X)rt of the Ohio survey. 

This volume completes the series begun with the survey of Dr. .1. S. 
Newberry in 1869. It is j)erhaps to be regretted that the work is thus 
formally closed. Dr. Orton enumerates many important economic and 
scientific interests which yet need the attention of an official geologist. 
The educational int^Testsof the state have a certain demand which thev 
might make uiK>n the legislature, and (he slate university might ap- 
propriately continue the survey along certain lines. In Alabama and 
[x>uisiana, as well as in Minnesota and South Dakota, the state survev 
is a function of the geological department of thf state university. 

Dr. Orton's connection with the Ohio survey has been long and often 
burdensome, and there is no doubt that he feels great satisfaction and 
relief in seeing it finally and formally terminated. Hut few state geolo- 
gists have had the good fortune to close their surveys with such a com- 
pletion. N. II. w. 
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Thr f'F-* vvr» l>»>wr7f«. OF I^»?J«i I*L.%5D. Th»* lAt*^ FA\:%a> lj'W\>, Jr . •■[* 
Urr.,--,'-. '1. ^.m- '. -:ir^ t:r»» f'uNi>h»'<i .i r»a;«<^r ^d rn»- Ani»'ncan J'«nrn:ii«'t" 

r»*f**rr»-»i "".^ ':i» •■•^•riirtriorj-* ^.f ..ur iiiri- i"*ianii. than ft* rh»* W*zh» -.xxi^'i 
ItinT'M 1* ri:».» ■jt.rt|!#I ^ay iij ''^•»rl;in»L Pn»f«'*^s«»r A:ia>*«iz a i -fT^T 
fi» >ir <'}i;ip?--. r,;. -IL in r»*f»*rTin:r t.i rh»- c»iral r»-^N ••f Fl««n«i.t. ^k}^: 

I*»'nin"»iila ir**-!f j'. a '►iir«*»-«»;sion "f '•iii'h rv*^f>. rh»* Flx'^nria*!**** h»'irj:r "h"- 
ff!I»^l in rhafin»-l>. \*'nil»- r!»*- hiimm«>«*K.s w»-r»» f«»rm»*H,\ liitk mt^rv^^mn:; 
i<ilanii>. iil*^ rh»* man:rr»»v*' i^lamls iii rh»* [tr»r5^nt ••hann»*L'* Pn>f»-ssi«»r 
Asra.v*iz wa> r'n- fipit. I l»»-li»-v»-. fn ii«»ci(*H rli*-s»- ph»*tt«jiii**na o»nn»-ct»il 
with fhf* Kl«>rirla r»^fs. :»ntl I wa> miu*h rrit»*r»^f«^l in o^atiins this ric- 
cminl of Th»*nn ;i?» f»iih)i<ih»Mj in his "f-if** ami r»>mr»fi»»n«l»'nc»».** as [ iia»J 
be;2un to <liscr>v»*r ''imilar ph*»n«»m»'na in th»- mak.»'-iip ^f L«^:r Island. 
Startinir >*'ith th** ^♦*a-h»'arh»«i« aloni; (h«* Attaniic hi»nl»*p. w»* hav»*. li»- 
hind th»*m. th*r ba\?i with ih**fr tl#^|> channels ami r^'rf-liWt' islamis. Th»* 
island ifr^lf is a ^iiicc^-^^sifm *>f ridsr»»s and valley5i. ih** h»His of »»id rivvi^ 
convfifxmdiiiir to ih»* ►*v*^rffla«l«* of Florida, whilf th«* lilllf kam*^ and 
hnininfK*ks in th»*??^ «leprt*5isions wen* formerly litrle islandi^ like chi^e^^ 
we see in .lamaica bay. Of course. rhe>*» npm and tUnrn* of Li>ns; Island 
are not the same in oriirin as the Florida reefs, yei the similarity tn- 
iween ih^m is very strikinjT. and both exhibit system and orderly ar- 
ransremeni. showing that even the drift formatiims are n4»t the fortuit- 
oiis and dis«inlerly thiiiirs some hav»* siippu&»*d. 

At first there would *i»*»*m no connection nor relationship betw»-**ii th^ 
moraines on tlu* north si«l»* of the island and the line of beach»*s frinir- 
inif the ocfun. but I think it ran be shown that the streams t»f water 
that HS'iistHd in forminir t^n*- ira\e birth to the other. That is. it >»'**ms 
»'vid«*f»t that |)«iw»*rfiil Mibirlacia! nirn-nts tlowins; fn>m the main land 
pIow»*cl o«ir thn bay indentations <»ii the north sidt* of the islantl and irav»- 
form a! I»*ast lo the kame-moraines that constitute the most pn>minent 
ransre of hilN mm ih»* island. It is characteristic «»f thes<* morainic 
ridjres to diminish towartl the M)Hih. and the material com^Kisinsr them 
b«M*om«*s finer in iIih sam»* ratio. The streams that bn»ke thn»usrh ih»* 
first morairi**. and w»*re contluetit, irenerallv conver;red s«iuth of I his 
ridife. formiri;: what is tu»w a plain-vallev: but thev ilid not end Inn*, 
but couiiniied to braneh off to th»* southeast and si»uthwest. In their 
ramification'* tli*- iiiIlock> w»*re formetl already referrtMl to. Tluse 
sireani-s aNo [Hii»«tral«*(l what is known as the backbone of Lon*; IslaUil 

-the t*Tmmal moraine. «if irrojoirists — in the same ramifvinir wav: an^l 
althouL'h I h»'*'«* old rhaiin»-ls are ?)ot S4» easily traced. y»'t the lines of 
<lraiiiaLr»' can b«' rr(*«»irnized alonir the kettle-hole depn*ssions. and as 
thev issu«' from ih»* front of the moraine — 1 cannot sav fn>m the front 
of th«' je<-slHM't, for I ;jm inclined to believe that the surface ]>art at 
lejisf, of tli»' irlacier. »'\i<'n<l»*d farther s<juihwanl- the same syst«*in of 
rHmifU'Hiioii was eoiitiiiu^d. and these j)ld channels can now be traced 
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thnuijrh tho frontal plain t<i the bays, wlicrc a nn-ctin*: <»f th»' waters 
M^ain t<x»k place and Pfsulted in the formation of the bays themselves. 
At least they jrave them their contour, and the intervening: islands, as 
alreatly intimated, are the same in oriirin as the hillocks in the old 
abandoned piv«;r channels and dei)ressions to the north. 

.Jamaica, (in^at South and other bay depressions on the south side of 
th<* island, show the effect of jrlacial streams ujMin them, and in places, 
wh«*n» the H«i\v of wat^r was j[^n*at. the detritus has Hlled in these bay 
<lepn'Ssions altogether, or nearly so, as at Far Rockaway. where a nar- 
row strip (»f land ilivides .lamaiea and tlu* (ireat South bays, f(»r her»* 
the t1<K)ds broke throu<rh with jrreat force from Flushing bay *»n the 
north. The points al«)n»r the (Jreat South bay are more or less C(»nspic- 
uous. accordin*j;: to the size and force of the old jrlacial currents. At 
lirookhavfu. when' there is still ipiite a stream runnin<jr throuj^h the 
terminal moraine from the north side of thi' island, it will be found, 
that a i)oint of land n<*arly separates the Great South fr(»m what is 
known as the Kast bay. At \Vi»st Hampton, again, the bay oidy e.xists 
ais a marshy d<»presslon, and tin* otlu*r Hamptons, to th«' oast, come 
down to the ocean with scarcelv a bav between; the same conditions 

ft • 

prevail, however, throughout the whole rxtentof the island. Although 
beyond Amagansett the south side, with its bay dj'pressions. has been 
swallowed up by tin* sea, yet, as if to complete and confirm this won- 
derful hist<»ry of th«'.se glacial fl<M»ds, a long arm of th»' terminal moraine 
is stretched out .separating Amaganst'tt and Xapeagur. making the 
Montauk divi.sion almost an island in itself, as the low marshy depres- 
sion leading from (lardint'r's bay to tin* oc«*an represents one of the old 
glacial river channels. 

The.sf iKjints, along the southern bays, wrre fornu'd wvy much the 
same way as the necks along tlu* bay indentations on the north side of the 
island. Of course, the latter has a mantle of till, which the former has 
not, except in a slight degree, for the glaci»'r is supiH)sed to have ended 
with the southern ridge. Then* is evidence, however, that the surface 
part of the ice-shert extended for .some distance beyond the so-called 
terminal moraine. Stmie of the lower stratified deiK)sits of clays, .sands 
and gravels, on both sides of the island, may be preglacial. but It is evi- 
dent that the turbulent streams of the great Ic«* age are in the main re- 
.*«ix)nsible f(»r the w;m and dtnrtiM here treated of. 

The bays, on the south, represent the last of the downs as far as th»'y 
can be traced. Th«* last up is the line of beachrs along the Atlantic bor- 
der. Th«>se beaches hav«' always been considered marine in <u'igin, and no 
doubt they have been gr«*atly modified by wind and wave in iK)stglacial 
timi's: yet. I am very confident that their original formation was due to 
glacial currents, the same that swept the north side of the island and 
formed the kame ridg«'S and deltas. It is hardly reasonable to supi^ose 
that such iK)werful currents terminated in the southern bays, and, in 
fact, there is good evidence that another dotrn existed south of the pre.s- 
ent shore line, although the ocean bottom in front of Long Island issaid 



190 T'he American Geologist, March, 1805 

to be comparatively level.* as lar^e frajrments of turf are often washed 
up on the beach after a storm. .Some of these d^xm^ have become sub- 
mer<2fed by the waters of the ocean in very recent times, as stumps of 
trees are found standing; some <listance (»ut to sea, in what was once 
known as "IVecker's Meadow," near the west end of Lon^r Island. As 
the sea <:^ainson the land, the bays become part of the ocean, the marshes 
become bays, and the swamplands marshes; thus a submerjr»?nce can 
take place without any oscillation of the shore. If Hockaway and the 
Cireat South beach should be washed away, and this is rapidly taking 
place, of course the whole of the southern bays would become part of 
the ocean without any sinkinj^ of the land, and it would not be long be- 
fore the waves of the sea would dash up against th<? terminal moraine. 
This has taken place already along the Montauk division of the island. 

Mr. Lewis, already referred to, and others have seen in tlie phenom- 
ena here treated of, proof of rejn^ated oscillations, previous and subse- 
quent to the Ice jMM'iod. I am inclined to think, however, that most of 
the problems connected with the iipM and doinu< of Long Island can be 
solved without resorting to this method of explanation. 

Everything goes to show that the island remains very much the .same 
as it came from the hand of the glacier, and this view is sustained by 
nearly all the leading geologists of to-day. There is still some dispute 
as to the instruments used in carving out the surface contour of the is- 
land. Dr. Merrill and some others contend that the bay indentations 
on the north* side of the island were plowed out by projection spurs of 
ice and that the ridges along their margins are the result of lateral 
thrust. Years of careful studv bv the writer have led to ditferent con- 
elusions, and in this he is sustained by profe.ssor .lames 1). Dana, both 
having arrived at the same results liy IndefMMident investigation. I 
could see what professor Dana aptly described when he says that these 
bay depressions are t<M) complex in form to admit of Dr. Merrill's the- 
ory: that Is. these old channels ramify in such a way as to preclude the 
idea of their having been plowed out by lobes of Ice: and, while the 
kame-moraines ah»ng the sound show .some signs of pressure in th(» lower 
clay beds, as at Oyster bay, yet most of the stratified material gives 
evidence of having been deposited by currents of water f^wr/w// the melt- 
ing of the ice-sheet. 

In the study of these phenomena we are to n'niember that the glacial 
streams advanced with the glacier from the main land and that manvof 
their connectl(jns have been broken otf and lost in the waters of the 
.sound. At the "Stepping Stones." however, near the entrance to the 
sound, there are a number of little islands existing. l\u* ecpiivalent of 
th(jse referred to as occurring in the southern bays, showing the direc- 
tion of the currents during the glacial floods. The bay depressions on 
both sitles of the island represent »)nly deturhai portions of the old gla- 
cial river system 1 have tried to describe, and this will ex[)lain why the 
f)resent mouths of most of the rivers »»nt«»ring these bays are out of pro- 

*See American Journal of i>cience, vol. XLI, p. 4S9. 
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lM»rtion to iho size of thf streams. Tliis is <liu' to tin* m<M»tiii;B: of the 
waters in «r]aciHl tim*»s. This fact has {iresontod an insolvabh^ problem 
to some, for, if 1 remember correctly, professor Shaler was unabh.' toex- 
phiin this phenomenon in his reiK>rt to the jrovernment on the marsh 
lands alonj^ tlie Atlantic coast. Take, for instance, the St^tuck river at 
East]>ort: three branches meet together where it enters the bay, and 
even the main stream is reinforced bv another tributarv that enters it 
ab<jv«» the railroad bridge, and where a large swamp once existeil. The 
water has b»»en dammed up and forms a beautiful lakelet at this iK)int. 
The other branches wen* likewise augmented by lesser streams during 
the glacial tl(KKls, and where they all came together of cmirse a larger 
*lepn*ssion was the result. It is interesting to note also that a lin<* of 
kame ridges exists along the northern margin of the bays where these 
converging and diverging currents had their ramifications. The Mon- 
tauk division of the Long Island railroad cuts through (piite a promi- 
nent one at the Manor .1 unction, about half a mile west of the Easttwrt 
station. Here the Little S«.'tuck has its rise, but the old channel, now 
dried up, can be seen a little farth»?r north, where it is crossed by the 
Manor branch of the railroad. These old river channels can still be 
traced to the front of the moraine about two miles distant, but they 
ramify in such away that no single channel can be defined. iM»rhaps, 
from the bay to the ridge. That is to say. the old glacial rivers on is- 
suing frt»m the front <»f the terminal moraine divide and subdivide in 
such a wav that their individualitv becomes lost, but thev have left 
their impress so plainly on the face of the island that he who runs may 
read, if he is not entirely blind to the wonderful works of nature. 

Many of the ideas here preseiited have beeJi suggested in previous pa- 
|)»*rs in this magazine, but have never b«'en fully formulated. I have 
endeavore<I to give hen* the facts, as they appear to me. after more than 
twenty yearsof study, and although the presentation is rather imper- 
r«»ci. I hope it may incit<? others, mon^ comi>etent, to examine the uptt 
and ffotrnjt of Long Island along the same line of thought. It is surely a 
subject worthy of attention, and if the views here presented are verified 
they will establish, Ithink. (he unity of the (ilaclal |M>riod as far as 
I^)ng Island is concerned. If our story of these tfpf* and ihnrnn be true, 
it will show that all the morainic ridges are the same as lo time and 
origin, and not the result of two separate and distinct ice-sheets. I may 
.say. in closing, that the difference as to the modification of the two 
moraines is due to the fact that the triacial streams after breaking 
through the northern .series of hills, were less successful in their on- 
.slaughton the southern rldire. f»»r the reason that their forces had becom*' 
more divided: tlH*re are few places in the terminal moraine as it is 
called, where the currents. swept through to the plain b<*yond: therefore, 
as before stated, the old river channels can only be traced along the 
lines of kettle-hole depression: and along such lines the moraine is more 
or less modified, but not so much as the norlh«*rn series of hills when' 
the floods of water were more powerful. H. ('arvill Lewis would have 
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i^riM '..war*! m«»r»* 'tnif"rnurj n en*- •i»^iirT»aii*>n :%ppti»**i :•• rn^ r»'i'%> f 

Tn*- fj.im*- K»*w»-^n.-fcw '-**'fii» :>» h.-iv- h»r^n rrp^i a[»f»it«-*i *♦» ' jr-^^ r»«*-*^ 
by Ifr T. "^^r-rrn Hiinr : d » r^api'T r**a»i V-^rn*- rfcip. Am^^rrnta lo'^'iLUt- "f 
Mintn:; Kn:riri»-r^r>. F-b. "IJ.*. i^HZ. H»-f>* ».>•» p.- rr»«)»if!*-*i rh** t»-rm An:nn- 
iki*-. ff- '*«.>'•: 

"Thr '•il*.»-r tii^fitiPtir-* »'( Thrin«i»'f Bay :»n*i itsvicmtty. inctutlinir Sfl'. -'- 

*>l«»ri«'>. which Hf*- a> v-i known *,ui\ in thi> r»**r!»»fi. tinl ar** •»\»-nai«l lis 
♦ilijrhf 'liM:or«larj<:*- 'm r>^l :in«l whii*- "*anti>ti»ii«-s. apfwi^nrty th»- '•ani'^ 
will! iii'n-t- f,f rh*- K»-w»-^r»avi •ii'*tri«*r .md rh»* >f Marv'-* riv»-r Thi^ 
•>l*l»-r '"^•ff*-^ "f Thiiri»l»r Ua\ ami it'* wclnitv. ^hi<^h •«'«♦ '^e '*ti^,*r*f 'A- 
Anunikif t/n>'t^, rr»»in rh- ht«iia(i nam*- "f rh** na v . >. rh*:' .••w»r tiiv !-*»♦. n 
of ih»- iipfi»'r <-Mfi|>»'r-«»»*arJii*^ <»»-ri»->»'f F-«»i»aii. 

" T/tf tjrftit Krfretnotrtfn***!*. with ii> rtif>rif-r»»ii> am_> irtlaioiii-*-. '^ l^-n- 
ab^'iit. ihoij:rii u\*-\ wifii a f»-w niil»f> l«» th»- -a>cwanl. an«l Th*- ain»t»r 
htirizoiitHl <iark CMifir^-*! '^•Mlim*-!!!^ ttf lli^- AiiimiWi** :rn»uf» rvsl •hr»0Ti\ 
Uf)t»ri th»- ♦-•l:r»'> "f Mi»' »:r\ 'ilalliii*- Hiir»niaii >OMi'»l!i, uiiii ar^ cut by :rr»*ui 
il> k»*H of iIiorir»*."* 

It i> riol vWav ihat Html ii*i»*«l ih^ l»Tm K* »rt»- »»*» ir ,jnp»i> ♦^arli^r tliaii 
this, alihoiiirh it i^ noi h»*r^ •»|»»k»'n •»f .i'* <letint»«l or |»ro|M»s^. bin i>jis»^l 
(aj»fmn-iiil\ I a> if il w-n* a w»*ll known t»Tm. An«i !i^* lal^r '»|ieak> "f 
•'th*' o\«tI.\ ifii: ciii»rir»T«Mi'i c«.»nirlonii*nii»*s and irai»|)»*Mn nH*ks 'thUh tr^ 

Dr. Knh»Tt li«'ll. in a \m\)^T n-ad In-forv tht* Montr«>Hl Natural History 
S<M*i«'f\. K»-b. 'l\. isrrj. proiufs^d th** nam*' yipi'j'»it for Ihi* ^f>f>••^C'op|l••^- 
l^•arinl: *»»*rifs of l;ik*' SufM'rior. This was rvpurted by ,1. F. \V. ii»T- 
hafJN .1. V. Whili-avrs) in lh»* Monlrt*aI (iazt'lt*'. and lhisrv|M»rl was \\\\h- 
lish»*(l aft^-rward in thf Canadian Naturalist, t allhou^rh iht* subslanr*- 

•Tran«. Aiuer. Inst. Min. Kng.. -.ol. i. p. ;j!o, published ;ii 1S73 or 1S74. This pjpcr 
wfl'* al*!o published in the Kni^ineering an<f Mininj^ Journal, vol. xv. No. 9, 4th <eiies. 
March \X)\. iV.^. pp I2t^-i.;2. The abo\e quotation is on p. 131. 

The itahi s in thi> anri the following quotations are the writer's, 

♦■SrronM <ieol. Survey of Pa., E. "Azoic Rocks. Pt. I." p. 240, 1S7S. 
JNVw '^crie'*. \ol. vii, pp. 4«^f<. >*^7r- 



<L»f I1»'1J''* l«»i*-i" hnn^ M}T^nii\ bet*n jtulilishiHi.* Th** r«»ck> inolmiftl iit 
\ji'S^MT»'< l"]«i» r <\»}i^»-r-lV*»rimr serifS w<*iv whsl «!>• now known «s iK^ 
Arjimiki^iiiNi ih** Kfw»-en»m-ain, wiih |«issil>1\ ibt* mort* rfcrnl sumi- 
>l«.n#-s«»f >giiih Sir. Mari**.4 B»-ll sjins: 

**lf ii w«-f>- fitumi df^imbl^ lo ffiv** * short«T n»inr io \hr rocks of i!w 
up|»T r«»f»f»*r-l*r«rinff **iri«-s t»f l^kt* Su|»«Ti<»r. I w<»nUi >nirjf»*si ih*! of 
\if»9\f'*H. ThtrM- nicks, ms shrwn on Sir W. K. lj«»iriin"s tf»^»l<^juic*l iw«p 
«»f (*Aijada. form « hrosid hnml hUum: iln* n<»rlhwrsi >itl«'of Uko Su|*t*ri<>r, 
runninsr aH th»- wav fn»in Thunder IU\ t<» Ihilnth. Ml lh«' wo>lorn ox- 
!r»-milv of xh*- lak**. Wiihin our l«Trit4»rv tb«*irn»»rih-\v«*si<*ru limil runs 
inland in a ir»*nfral •MMitiiWf'siiTn course fri»m ihv n4»rili sbon* of Thww* 
d»T Bay |4» (Min-tlini lak«*/"* 

In isli; Maj. T. M. Hn»<»ks |»r«»|»<»s«Hl lh«* nnmo K«'\v»»»-nji\vij«n: 
"Wf an- jn>tJfi«Hl, I think, in ri'irarilinsr lln* c«»|>|i«*r*lH*arini;r n*cks t^C 
L;ik»*Su|»i*rit»r as a disiinci an<l ind«*|»eiuirni s»'ri«'s. markint: a tli'rtnil** 
iTf-itioffical li^rniil which s«*f»arai«*> ihv Silnrian fn»m Xhv Hnnmian ap»s. 
Should ful tin* «»hs«*r\ai ions Confirm this vii'W it Witnld ht* adxisahlc Xw 
hav«» si»m»* mon* conviMiit'iit and sr»»oIojricHlI\ acc«'m«hlt» name for xhv 
s«*rit^ than that now in us*'. Sincf Kcwft-naw lV'nin>nla forms one of 
ihc mast striking jr«^jjrra|»hical ffatun«s in Kakr Sn|>«*rior ami is the lo- 
cality wlu-re ih«* Co|»|»»*r s«Ti«'s an* Ix'st «'\]m>vhI and wm- first Ntnttiinl, I 
susfjTHSt lh«» name K«*wiM'nawian for this |HTi«Hl.*'5i 

Hunt |ini|K»sed the term Animikic and used the term Kvwccnaw Im»* 
fon* a sci»'ntific aSM-mhly four da\s «»arher than licll pro|Kise<l the term 
Niiti^(»n before a similar assenibjx . Moreoxrr Hunt used the term Ke- 
weenaw to n-fer to the cop|MT-b«»ariii>r nK*ks of Keweenaw ixtint and 
their equivalents (i. e.. to th«* upi^T division of tin* rp|HT ('op|H»r-Hear- 
inir M'fies of f^i^an). although later his ideas as to the strati^rraphic |>»»- 
sitit)n of these n»cks wen* ern»neous:| while n«'ll's term Ni|>iJ^)n was 
]»ruf)Os«^d to include lM»th th(> lower (Aniniikie^ and the up^N'r division 
(K«'weenawan) of thi* rpi>er ('opiK*r-li«'arinj: s»'ries. After the publica- 
tion of tlfe term Xipi>r<»n, Hunt sui:jreste<| tl»al. as there was some <pH»s- 
tion as to the ajfe t»f the hori/.tmtal sandstoiii's east of 1 bundt>r bay, it 
mijrht be used as a ItK'al name to designate these horizontal sandstones, 
but he distinctly states that, in his opinion, these sandstones are not lo 
b** confoundt'd with th<»se int<'rstratitie<1 with the Kewet-nawan* After 
this the name Nipi^on wasa|>plied not only as a local desijrnution (ac- 
cording to the sujrjrestion of Hunt), but also b\ many as a more compn*- 
hensive term. In this more c<»mprehensive sense it has not only been 
made to include all the iKisl-Animikie rocks in the viciniiy of Nipijron 
bay and lake, but has been used as a jreiieral desi^iuUion for the ct>p|M»r- 
bearing n»cks of lake Su|M»ri<»r. thus beinjr s\ nons mous with Kewee- 
Jiawan. Bell himself uses Nipijron as referring: only to the upper dixis- 

•Gcol. Survey of Canada, Report of Progress foi i^Ti-'ji. pp. *<7-> «>. i'^;^ 
fGeology of Canacia. pp. 67-S6. i%3. 

♦Gcol. Survey of Canada, Report of Progress for iH72-'7.^. p. 106. i"*;.'- 
8Amer. Jour. Sci., 3d series, vol. n, p. 210. March. 1^76. 
Second Geol. Survey of Pa., E. "Azoic Rocks, Pt. I." p. 241, i'^;'*. 
•Trans. Amer. lust. Min. Eng., vol. 1, p. 342. 



U>ti Tht AfntrU'UH GtidotjisL March. l;rl«& 

hi'U(l<|U»4rti'rH <»f tht* ( (>h^rt*.'-s are at the house <»f the Koyal 
(^(M»gra|»hirul Society, 1 Savile Kow, Burlington Garden!*, Lon- 
don, W. inf(»rniation in regard to this meeting can be ob- 
tained from the neeretarie^, J. Scott Keltie and Hugh Robert 
iVlill, at the above add re hh. 

TiiK LkiriHLATi Kfc OK riiK Statk iyv WAsHixo'n>N Is Consider- 
ing a hill lor the extabJishiuent of a state geological survey, 
and a >ttrong i^reHsure is being brought to bear upon the Leg- 
inlature to convert it into a topographical surve>\ under the 
direction of the I'nited States (ieologitial Survey. 

A Mo.HT iMi'oKTANT v\ HMCATioN <»f the Mist>4»uri Geological 
Survey has been issued in a few advanced copies, unbound 
and without the plates and maps. It is by Arthur \Vinsl(»w* 
and .1. I>. Robertson, (»n the lead and zinc deposits of Missouri. 
We postpone full review till the work is completed. 

'I'hk thiki* ANNi s\. MKKTiNo of tile Lake Superior Mining In- 
stitute will be held in Minnesota on the tith. 7th and stli 'if 
March. Thi; members in attentlance will be taken over the 
Mesabi and Vermilion iron ranges, and evening meetings will 
Ik* held at Virginia and Tower. Papers will be read by Dr. 
i-.. L. Hubbard, state gtft>logist of Michigan; Dr. U. S. (rnint. 
assistant ^tate geologist of Minnesota: Mr. F. W.Denton, -i^**- 
r4*tarv of the institute; Mr. Wessinger, master mechanic of 
the Minnesota Iron (ompany. at Soudan, and others. Mem- 
bers will bt? present from all portions of the lake Sii|K^ri<»f" 
region, anil a successful meeting is assureil. Some aeconnt ■•f 
the papers read will appear in our April number. 

'I'hK OKI'Altr.HKNT OK OtOl-OtiV ANO i»alkontolo<t^ In L'uKilX 

College, Si'henectady, New York, which is being organ izeii \\y 
l*ri)f. < harles S. l*rosser, otters several <*ourses in advnne«-*i 
geology. Particular attention is given to the s t rati srrji phi <• 
ij:«'t>logy anil paleontology of New Yi>rk state, and ilunng tiir* 
spring anil fall terms mucii time is dev(»teil to tield work :n 
the Mohawk valley and the Ilelderberg mountain remon. ^> 
New York is the classic state in Ameriean iX»M»logy •-urii 
••♦lurses nf instruction are well adapted to train students in thr 
nietluulsof Lj:et>logical investigation and for proft^ssionai work. 
Pkok. ().(". Mausu, in the Ameri<*an .Journal •►f Seifuct- for 
Kebruarv, has Lciven an ncctmnt nf the highly iniere'stinir ine- 
Mioir bv Kng. Dubois on the renuiins «»f what i^ :i Afntabk 
•*iuis>ing link" between the higher apes and man. < »f the new 
'«nm ( /*////» «'//t//i/'/y»//.> # />#-///,N J, which i** beiifVi'd t«» rM|»r#*s«*nT 
:t lu \N mims aiiil a lu-w family intt* rnietlial** i»elwt'»-n i !u* >»«•- 
.'/.» .uid till* li tniti iii^l'f . :i >kuli. a molar looih and i :»»inur 
')a\i i»t t n :«»inui in voiranir nifa «»f 'aler Tort larv a^jt- -n **rfh \ 
•la. Ja\.i. In <i/r. l>raih pt»wi'r. anil trrert po.-iur*-. rlii> ^iierjt*' i 
s :■•,., lii :•« ar»*r l«» man than anv animai hiifj»'rt«« •( io^iM^v^mL 
i'N la^ »M' t xtinct. 



• 

Pi.Ei>Ti»CEXE Paper* at the Baltimore Meeting; of the 
GEULCKJirAL Society of Amerua. 

Most prominent among the Glacial and Pleistoc*ene |>apers 
presented before the Geologieal S4M*iely of America at its 
Baltimore meeting, Thursday to Saturiiay, December 57-i9. 
1S94, was the Presidential Address bv Prof. T. < *. riiAMKERUN. 
Recent Glacial StttiUe* in OrttMhtu*/. which was given f»n Fri- 
day evening. The address was followed by the exhibition of 
a iarge series of admirable photographic lantern views «»f the 
gisiciers, their enclosed drift, and their marginal inorainic de- 
posits. The district most thoroughly examined borders the 
aorth side of Inglefield gulf, near latitude T^''". where Prof. 
Chamberlin and others of the Peary Relief Expedition spent 
about three weeks in last August at Lieut. Peary's winter 
station on Bowdoin bav, in the midst of manv and diversely 
developed glaciers, flowing both from the inland ice-sheet and 
from local outlying fields of neve on the coastal mountains. 
Notes taken during this address supply the following summa- 
ry or abstract : 

Thtr gliiciors in thf vicinity of li«iwdoin huv. wIi«t** termiiiHtimr on 
ihn land, commonly Imvi* very st»n*p. ofi«Mi n«'arly vertical and som**- 
limt'S overhauling; fninls to hi^hts of luo to *iut) f»M»t or mon*. This r«»- 
markable contrast with the frlacitTs of mor** stMithrrn latitudes is 
ascribeil to |M.Tiphi*ral m«*ltin>r by rt'tlcciion of th«' obhqu** stdar rnys 
frtim the warm adj<Mnin»r ^rtitind. It sc«>ms also to be s«*condarily dV- 
pi'udent on the very slow rate of thf glacial motion, which is found by 
Pt'arv to b«» ijsiiallv scarcely mt^asiirabh'. while the maximum dailv 

• • • » 

rate observed in exceptionally fasi-Howinir glaciers in the midsummer is 
from 2i to-1 f«»el. 

Kn^Iacial drift is plentifully s<*en in many of the fnnital ice-ciitTs to 
hijfhts of .50 to 100 feet and occasionally l.'>0 f«*ei. or about half of their 
total hifrht. It is quite unetpially distributt'd. be inur commonly ^th- 
tred, es|)ecially at considerable hi^rlits. into layers of an inch to a fo(»t or 
more, where the ice contains much rt»ck detritus, interhedded with 
thicker layers of nearly pure ice. Asrain. mass«*s of drift s«'vrrul feet in 
extent, analo<!^ous with till, are rarely envc|o|KMl in the ice. which, 
!tl)Ove and beneath these masses and the similarly enclosed IxMilders. 
ha.san upwardly and downwardly archin«; lamination. 

Differential onwani flow of the ice. its np|>«T and middh* {Mtrtions n»it- 
strippinjr those next Ix-neath. has been th»* chief means of jrivinjr fo tin* 
terminal ici^cl iff sections a very distinctly and surprisinjrly laniinatetl 
structure. Sometimes the ditfer<>htial mov.*ment hascarri***! part of a 
previously plane zone forward so much faster ihan that which was he- 
fore it as to b«Mid the clearly laminatetl zon»* into siifmoid folds and ev»'ii 
to produce sharply defiiHMl «»verthrust faults. In this way the eni'laciai 
tx>ulders and small rock frajrments an* frequently much worn aiul siri- 
alod. 

The inclusion of the enjriacial drift is attributed to abrasion from 
knobs and ridges .standing up info Iheoverridin^ ice, rather than to any 
npwardly flowing basal currents. It is (jhserved. however, that the 
front of the ice s<imetimes rides upward over its own marginal accu- 
nulations of drift: inde.'d, wherever onwanl movement of th<' ice 
boandary is taking place, this seems mon- fr^Mpn-nt than any glacial 
♦'nision or pushing forward of the moraine. Sironj; winds l)low prevail- 
ingly down the slop** of the inland ic»*. «»rien driftini: snow over the 
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frontal j^lacier clitfs, and I'ven these snow drifts are sufficient in some 
places to cause the ice to How upwartl or to be laterally deflected. 

In some cases the morainic hillocks, seen in process of formation 
beneath the steep or vertical edge of the ice, have the outlines of min- 
iature drumlins, with the laminated glacier curving upward quite con- 
formably over them. No eskers or kames were observed. The drain 
age from the glacial melting is mostly by suba^rial lateral streams, 
along the inner side of the adjoining moraines; rarely it is by central 
subglacial streams. 

Only very scanty drift is spread over the country outside the ice- 
sheet and glaciers; and the largest glacio-fluvial delta fans are about a 
half mile in e.xtent. Most of the glaciers have been long stationary: a 
few are retreating; others are advancing. 

Near the east side of liowdoin bay a driftless area, having a diam- 
eter of three t)r four miles, shows deep decomposition of its rock, 
which is hornblendic gneiss. Its altitude is less than that of neigh- 
boring glaciers, and it is accepted, with the jagged and unglaciated 
outlines of the up|)er part of many of the coastal mountains from 
ca|H?s Farewell and Desolation north to Inglefield gulf (a distance of 
1,200 miles), as deci.siye evidence that there has never been a complete 
envelopment of the western border of Greenland by land ice. 

Dairy m pie island, close to the Greenland coast, near long. 70° and 
lat. 70° 30'. also consists of decomfiosing hornblendic gneiss, with no 
drift, and with mountain forms due solelv to suba^rial erosion. Fiftv 
miles northwestward, however, the Carey islands, which are moun- 
tains rising from a large expanse of the surrounding northern part 
of Baffin bay. have b«*en glaciated by an ice-sheet flowing over them 
from the north, that is. from Grinnell land and Smith sound. In the 
course of this ice-sheet, at a distance of fifty miles north of the Carey 
islands, the sea has a depth of 220 fathoms. 

Inquiring for the physical causes and explanation of glacial motion. 
Prof. Chamberlin thinks the theory of Hugi, Grad, Forel. and others, 
which refers the movement, under the influences of the solar heat 
and gravity, to the enlargement and long persistence of the granules 
originating in the n^ve, t^) be more supiwrted by his observations ami 
studies than the now commonly accepted theory of ,J. I). Forbes, 
which regards the ice as a viscously flowin£r» though brittle, solid. 
(These Greenland glacial studies, upon a wider range than could b»» 
noted in this address, are being i)resented very fully by Prof. Cham- 
berlin in a series of articles in the Journal of Geology, from the num- 
ber forOct.-Nov.. 1894, onward.) 

Nine other papers related to the Ice age and Pleistocene 
history, of which abstracts, with notes of their discussion, fol- 
low: 

ObHtrratioHH on the Olarial pheiuntienaof Neirfonndlnnd, Labrador, and 
southern (xrefni/ind. By G. Fukderick WuioiiT. From glacial drift de- 
posits and stri»e it seems conclusive that the ice-sheet of Labrador ex- 
tended out u\yon the submerged plateau surrounding Newfoundland sn 
as completely to envelop the island; but probably the whole n»gion whs 
then elevated above its present level about 2.000 feet, in which case th«* 
ice-sheet also may have likewise enveloped the very large area of th»' 
now submerged Grand Bank, yet without then reaching to the sea level. 
The evidences for these conclusions are (1) that glacial scratches an* 
found on the summits of all the headlan<ls of \ewfou*id4and up to550 
feet, pointing out to the open sea; (2) that the basins of some of the 
inland lakes of the island descend nearly 1,000 feet below the levH of 
the sea: and (3) that the submerged plateau of the Fishing Banks is 
Intersected by a deep channel extending across the Gulf of St. Lau- 
rence to the edge of the abyssal water of the Atlantic. Furthernioi*. 
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ihe coast of Lubnidur is cliMnicUTized by the jrrMCefiil tluwiii^ contour 
which is produced b,v the horizontHi erosion of ice ralher than of sub- 
aerial H^encies. This is in striking contrast to thr border of western 
Greenland, which was seen by Prof. Wright last summer, in the('cK>k 
Arctic K.\|H>dition. for a distance of IJOd miles. In lK)th cases the rocks 
are Laurentian jrneiss, which would weather into the .same shapes if 
subjected to the same conditions. The mountainous border of western 
Greenland has n«'ver been entirely covered by glacial ice. but has been 
subjected for an inih'flnite lime to subar>rial erosion, producing th** 
innumerable shar}> needle-like [H'aks. The evidences, however, of a 
former great extension of the inland ice-sheet of (ireiMiland an* everv- 
wh*'rt» visible; but these |>eaks (from 2,000 to 4.(KX) feet in highl) wer»* 
always nunataks, and the ice i»robably n«ner reached as far out into 
Davis strait as It <lid from Labrador toward the southeast. 

A striking fact, noted in both southern (ireenland and Labrador, is 
the small amount of glacial drift still remaining on the land now fret* 
from ice. There is scarcely any till in either regltm. and even iKuilders 
are few as compared with tracts near the border of the glacial drift 
in the central parts of the United States. The 4'xplanation is, doubt- 
less, that the prtrsent (ireenland and Labrador coasts were m» far within 
the areas of Pleist(»cene glaciation that the liM)8e material was nearly 
all removed and deposited in th(> sea. 

Professor Wright sjient s<»mf lime on a projection of the inland ice, 
three miles wide, which comes down into Ikamiut fjord about fifteen 
miles frtim the oiM*n sea, near Sukkertop|»en, in latitude (ITi® 50'. The 
ice there scarcely differs from that of th«* Muir glacier in Alaska. It 
has vast moraines on its surface, but little or no englacial material. 
The scratches (»n the margins of this fjord present instructive complica- 
tions. Wh*»n the ic*' filled the fjord to the hight of about 2,000 feet, 
the scratches were in the direction of its axis; but, now that it has 
retn*ated, local glaciers are producing stria» at right angles to these, 
anddn some cases even in an opposite direction. (This pafH'r Is |>ub- 
iished in the American Journal of Science for February, 1895.) 

Highland fjerel (Jrarebt in n&rthern Ntnr Knglattd. \\\ C. H. Hitch- 
cock. At the south end of lake Memjihremagog terraces of sand and 
jrravel. regarded as deltas of a glacial lake held by the barrier of the 
departing ice-sheet, occur at bights of 575 feet and esjM'cially at 250 it) 
275 feet ab<»ve the lake, which Is 605 feet above the sea. These terraces 
are best deveIop<?d near the mouths of Barton and Hlack rivers, and 
they extend nearly horizontal ui> the valleys of these streams, which How 
into the lake from the south. Other terraces, having bights of 1,100 
feet or more above the sea, are known north of lake Memphremagog: 
and they occur at similar altitudes in northern Maine. Their greatest 
hight is in the White mountains of New Hampshin*. wh«*re. near the 
Twin Mountain Hous<*, a very remarkable delta-like dei>osit of saixl an<l 
Jlfravel is found 1,500 feet above the sea level. 

R«»ferring to tho opinion of Chalmers and others of the Canadian (h*- 
nlogical Survey, that the glaciation of New England and New Bruns- 
wick may have radiated outward in all directions from their mountain- 
ous central region. Prof. Hitchcock thought this view dis|)roved by the 
transportation of boulders from the north side of the St. I^awrenceto its 
southern watershed in Maine, and by the southeastward glacial strije 
nnd drift transportation on Mt. Katahdin and Mt. Washington. During 
the closing stage of the Glacial periml, however, local glaciers or rem- 
nants of the continental ice-sheet Howed outward perhaps from all sid»'s 
of the mountain region, and some of the valley moraines have been ob- 
served by Agassiz, Stone, and the author. This Lat»* (.ilacial stage 
probably comprised the northward movem<*nt of bouUh'rs nott'<l in soni,. 
parts t)f n<»rt hern New F^ngland and the i-astern provinces (»f Canada. 
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Prof. .1. \V. SpKvrKK. «h'sriissinir ihis p»f)er. »tiribiiT#*<| rh»» hitrh r»T- 

rjfTpsi To ii*'ji<»«(ition af flif'^i^-H l^•^>•l. xtIihti N«'%r Kn*^tan«l \v:is »iHf>n»'*stMi 

iJlOO fo l..'i«lf> r»*«»t: .tixl lit' thoiiLTht the max'imiim Hnh>»iii»'!H*»* iii(hr:t(r^t 
in th»» Whifi' moiifiraiiiM to \w- :ih«>iit iJMMi fi^f. 

liH«< )v**n j«po»i»if»il iHtt'ly III rhn >lufly of rhr v;iri!i(tofi)« nf iriarit-rs. < »h- 
!«'r\;if ions .>n f h«' i^Ihi'Ihin -if Tin* Alps Iihv>* shown that rhrir *lim»-nsions 
iMMl**riro ;i ivrm^lir rhanifM: rliur rli»'y inrrf*;i>*f. iiitain a ni.i\imtim. *{**- 
cr**7i*K**. r»'H<*h a minimum. :in«l h»»iriii To inrrpuN^ amiin. ifoinii rhnm:rh 
^\\f*\\ H ryt'l** f Wo or rhr**H rim»»s in ;t »*Hnnir}*. Rifonls of mor* or W'^vt 
♦•VH»*tn*>s<* f»vi»*n<l l)rt<*U i wo or fhnM» hnndn*fi yi»;ir*. <rl:u'i»^r*. ln^wevMr. 
;«r»» r.of ai! in fh«* sami* phas** ar \hv -Anxn*" rime: iinlefil, s«>mi* Ivirin to 
a<lvan<*»» wh»'n o?h»*rs liav>* aimi>st n*arhi'ti tli»»ir maximum. <jlari»*rs 
sid«» hy "^i^t** ar»* <<»>Tn«Mim#*H found in oppt»<)itf phiii4»*». This make's it 
rlifflriilt fo d»M»»rTnin»» rh** r»*larion b#*tw**Mn variaiions of climat** and of 
tf^lari»»rs,l>ur som»* proirr»*s« h;iM b#»pn mad^*. Th»*f.h»*oneHof Riirhit-r an»l of 
For»»I. advanc«*ri tofxplain rhis p»*i!uliar tvhavior of jrh-wiepH. w»*n» pr*'- 
«pnt**d. Arciirai** anil »^xl>*nd»*ii information is wanr*^i i!onc»*min;r tlw 
rhansr»*5« rhaf flrlari»?rs iind#*r2'o. At tlu* InLornatii>nal T'on^jTrvr^s •>f <ivH»|- 
ojfi^fM in Ziiri«*h iant siimmrr, a committfH* wan app«>inc«^l to irolI»*cr in- 
formation on rhis !*nbj»>rt all ov*»r th«* world: and th«* author, who is 
on*» of thi?* commitf****. d«»Mir»»f* notos frr>m all American ob««*r\»*rs lad- 
dr^iw: iohns Hopkins T'niv**r!»ily, Baltimorp. Md.). Th#* r»*maiQ«lt»r of 
th«» pHp**r <f i v**8 m»*fhfKi«. frrim thenimplf^t to the more diffii'ult. of r»b- 
nervinir and rcronWu^ the extent of •'-laciers. (This paper i** to \w pub- 
lished in thr* AoximzX of Oef^lojrv'.) 

1fiMf,rimimttinn ftf Olnriaf AfrnmnJlnti*>H and ImraiAnk. By Warren 
VntAM. The a^rnmnlarif>fi of ice-^heel.^ by .snowfall ♦m th»*ir ♦•niir^ 
afea»« di«!:rimlnarefl frr>m an a#lvance or invaxion by the fnmt of the 
ii*e. exf^ndinjr it thu^ f»ver new lerrilrrt^-. The form**r condition is 
Ahown to have bef n jfenerally pff»val»*nl, on lh*» glaciated ijortions of 
br»th North America and Kurr>f)**, by the #iccurrence of com para lively 
ftmall »r*'as of ic»* accumulation b**yond rht* extreme b^nindaries of lh»' 
pfincifml ice-aheetM. The latt«*f condition, or icn invasion, is indicated 
on thefMiter f»art of ih** drift-bearing ar»*a »»a.sfward fn>m Salamanca, N. 
Y.. ihroujfh Sfal»'n and I^>njf I.Mland.s. Martha's Vineyanl. and Xau- 
turkef. wh*'re fhe srift strata beneath the ic»* w»*re distocal«Mland foldt-d. 

Near the margin of drifi-b#»arinj? areas, ^laciation chiefly due to snow 
and ice acciimidation. with I*»sm supply by inflow fr«»m central and 
thicker lniclHr»f fh** ice-shept. is indicattfd. as the author thinks, by a 
gradual attenuation of llu' drift. abs#Mice of morainic knolls and hills, 
and scanty Klnrin) ♦•n»slon of the bed-rcK'ks. 

f 'onver«W'ly, tlw »'vidences of an invasion of the ice-shnet uik>ii its 
marifinal trHcls consist in thick drift dejiosils, hilly moraine belts, and 
much planini^ and striation of the rock surface. Displacement and 
folding; of sofl strata beneath morainic tle|K>sits seem lobe especially 
conclusive proof of vi^^irous incursion by a sleep ice-front. 

Keftilvanees of tlu* ice within its drift area mav be- recojrni/«'d bv verv 
clearly defined belts of morainic hills, pushed out uiK)n snnM»th tracts 
of till, or b\ the very rare occurrence t>f disrupted or ileeply crnmple<l 
iinderlyinj^ beds. In most eases where moraines belonirin^' to the time 
of general iriacial recession are conspicuously liilly on their outer side. 
I hey record some ^la<'ial reiidvaiice. rather Ihan a mer(» halt or a slack- 
eiiinj( ill IIm* rale of relreal. 

Cfinniffc t'iunh'tiniiH nhtnni Itif Xortk Am^riran interghiciul (Ij^foxitfi. By 
Wakhk.n I'lMiAM. Durinjr the times both of ^'eneral accumulation and 
LMowlli of the ice-shi'eis and of their firuil recession, fluctuations of 
their honlers were recorded in various districts by forest trees. ])eat. and 
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moiliiscaii shi'lls, fncliisvd in hods iiiMl«'rlaii) aiul ovrrlHin In till. Such 
Huctiisitions. while Hit* ic«» arc.umiilati(»n whs in prDirnss, "lu-losr chirtlx 
arclic or lx>n'Hl si>i'cips: bul wlH*n llir i»*«' was hfinjr ni»'U<"<l awa>, in 
tht* ChamplNin ••|nH*h. tht» ri*mains of tlu* flora and fauna llms (uciirrin 
in iiitor^iHrial IxmIs, as at Toronto and Srarh(»ro\ Onl.. niav hrlony; 
wholly to t4*m|H'rat«' s|H'ci»'s. such as now rxisi in ih«' sann- disirici. Tlu' 
roUl climate of ih«* let* u^r** ap|H'ars tlius to havj» Iwrn followiMl hy a l«*m- 
I>erat»* Chain|»lain cliinati* chist* uiH)n thf wanin;r icr-hordiT. 

Fn»in this r»*\ irw of ih** drift «h'iM»sits and of thr clinialic ami ;j:)acial 
oscillations, the minor tinn' divisions of Ihr Icr m;:»' an* tahulatcd pro- 
visii»nally as ftdlows, in accordanc*' willi tin' nf»nirnclalur»' fnr ilu* uria- 
cial slajres which is proimsfd hy i'hamherlin in tin* nrw »'«lii ion of ( inUir's 
"tJreat Ice Asr«'.** The I w«i s!air«'s of irrowlh of lln' iec-sJHM'j may \\i\\v 
Ix^en due. aside fn»m ihfir principal (hpi'inlener on lln* hiiih clrNalion 
of the land, to the climatic eir»*cts of th»' lasi I wo passair«'s in iln- prr- 
cessiun of the ••quinoxes, with acconipaiiv ini: nulaiion. hrintrini: iln* 
winters of th<' north«*rn h^'mispln-re in aph»'Ii»»n ahoul :iO.(Kl<) Nears a;r<». 
and H$rain ah<iut lO.iMK) years airo. This rvplanaiion. wliiili ina\ hr 
irtKHi yrronnd for a c«)mpromise h»'twr«'n Ilu- Iai«lN <»pp«isini: \ ji \vs of 
unity and of duality or «rreat»'r conipl»'\ii\ »»f ihr <ihn-ial p«iiod, aL'H'es 
with Prof. N. H. Wincln'lTs w<*il kiM»wn (•(•n^pulaiions from I In* rah' of 
recessi(»n of th<* falls of St. Anthony for lh«' l*osli:hu*ial »»r Krrmi pr- 
ri<Ki. anil with his estimat** «»f the <luration of iln- InhMjrlncial slai:*' 
(.Am. (iKOHMiisT. vol. .\. pp. (»tl-8<K with si'ciions and map. .\uir. ISiri) 
fn»m the now burii»d channel which appears lo have hren I hen enMled 
by the Mississippi river a few miles w«'st <»f iIm' pr«seni iror^'e helow 
ihes4' falls. Tln' order (►f the table is strali^'raphie, so thai for the se- 
(pience in time it should be read tipward. 

F.PiKHS AM) STAt;ES <>F IME (il ACIAI n-.KIOl>. 

I Mo(lei;ito ii>-rlovati>ii t»t tin- laiul. iul\ jhi- 

I cinjf ;<«; a pt-ruKUUMit \va\r tiom south lo 

I i n(»rth and iiortlit*a>t: n>ntimuMl letM'at 

ol tin- il c alon>4 iu»)st of its I'Xtcnt. I)nt its 
i maxitmiiM advance in sontluMn Nrw 

F.nKlan<l. with tim Itiations and tlit- loi- 
ination of pKMnincnt nundinal nioiaincs: 
ffreat nl'i^'iJil lakrs on the nortlicrn l)oi- 
dor of thr rnitcd Stato.-: slinht glacial 
oscillations, with ttnipciatf rliniatc 
nearly as now. at l'(»ronto and SiMri)oro'; 
t lie SI' a finally adinitti'il to the St. Law- 
rente. Chanij^lain. and Ottawa valleys; 
uplift to the present lii^ht t onijiieted 
soon after the dejiaiture of the ice. 

Depression of the ice-i (»v«reil area Iroinits 
hi^li (ila( lal elevation; retreat o| the ice 
from its turnei lowan limits; abundant 
deposition of loes^^. 

Renewed ice aci nmiilation. covcrinn the 
forest l)eds and extendinj^ soutlj neatly 
to its earlv l)ouud;n y. 

ICxtensive >{la( ial rfce««sion in tlie upp«'r 
part of the M issis«»i|)pi basin; lool tem- 
perate climate and c«tnifi-rous (ousts 
up to the waning; i< i- bouici; much ero- 
sion of the early drift 

Maximum extent ol the i< e sheet in tlu- in- 
ti-ri'T ol North .\meii<M.and al>o ea>t- 
waid in nortfirrn New jiisry 

Including :in eativ kUk iai lece-sion ;\nd 
reiid\an( <■. as shown b\ interjjla! iai beds 
of lignite, in thr r« n'en ol ihi- Nhtose 
and .\lbanv livrrs. tiibiitary to jame'^ 
b.iv. 



ClIAMPLAIN EPOCH 

(Land depression; 
disappearance o f 
the icc-.-^heet: par- 
tial re-clevalion of 
the land.) 



\VlSC<»NSIN sta(;e 

< ProifressinK re-cl- 

c vat ion. > 



Cmampiain st Hsi- 

DE.NCK 



low AN STACK 



Glacial epoch 
(Ice accumulation. 
Que to the culmina- 
tion ol the Lafay- 
ette epeirogenic up- 
lift.) 



iNTERtil.ACIAL 

sTAcii-: 



Kansas si avik 

Uni>ktkr.mini-.!) 

srA<.i:s 
of fluctuation in the 
general growth of 
the ice-sheet. 



Prof. U. D. Samshiuv, in tliscussiim of the i wn pncediiii: papors. 
preferred the term "ice invasion," e\en for the irlacial sla;:es inarkt'd 
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bv attciiiiiih'd drift lx)r<l«'rs: and h«* doiibt<*d that \\'\*^\\ ricvation of the 
land was Cdiiicidi'iit with thr growth of lh<» ic»'-shtM*t. 

I*r<>f. ('IIAMHKKLIN s|M)k«* of lhi» two thick deinisits of till intcrbrddfd 
with fo.ssilift»rons stratifltnl clay and sand at Scarboro'. as indicative uf 
^'ri'at climatic clian^'i'S and lonj,' sia«r»*s of <;lacial n'fidvaiic»*. 

(Utu'hil LnktH in mMttrtt \nr Vork. \iv H. L. Faihchild. The cour>«' 
of marginal nrioraiin*s ••xlojidiu'j from west to east acmss the K'^ion of 
the Finj^er lakes in central New York shows that the jrlacial recession 
theh' was in ^'eneral from south to north. This is a re^rion of stnai^'l.v 
marked and |M'culiar topw^rraphic featnres, consistinj: of lonjr sonth l<» 
north vallevs, often <hM»n|v ertMled continnouslv across the waterslu'd 
which divides the sources of the Alleirhany and SuM|uehanna rivers 
from the lake Ontario basin, with plateaus sevi'ral hundred fei»t alx'vc 
the meridional valleys. Durin;; the retreat of the ice-front, therefon'.il 
was a barrier holdin«; lonj: •riaeial lak<'s in the valleys, with channt*lsof 
outf1c»w <»ver the present watersln'd. Within the past autumn, field «'x- 
plorution (►f the Fin^'er lakes rejrion has residteil in recojrnition of eifrh- 
teen such ice-dammeil lakes, which are named in this pa|M*r. with few 
exceptions, from the principal towns in the formerly lacustrine \aU«^> 
or on its outlet. In llieir ord«T from west to i»aist tliese Pleistocene lakes 
are thus named the Attica, Warsaw, rp|M*r (ienesee, Dansville, Scotls- 
burjr, Sprin*.'water, (ilacial C'aiiadice, (ilacial Honeoye, Itristol. Xapl*;^- 
Flint. HammtnidsiMirt, Walkins. Ithaca, (Jroton. (ilen Haven. (JhicinV 
Otisco and Tullv Vallev lakes. I>«>scriptions of several of them nr*' 
^iven in tin* following: notes. 

The Dansville glacial lake, in the valle\ basin of the pre.sent Can*^^' 
iTajra creek, had a length of about 24 miles, a width of two miles. H-i"**^ 
a depth exceeding' oCK) feet. Its outlet is at a hijrht of about 1.2(K) ff*'\ 
alHJve the pre.si*nt sea levi'l, and the ohi lake shore terraces and dfl^**^ 
are at l,2:i() feet. 

C'ominjr forward to the Naples ^rlacial lake, the tenth of the? seriej-^, ''^ 
the valley of Canandai^rua lake, its lenjrth is shown to have r«»ac !"» **J 
about Ki miles, with a width of two miles and depth of <piite 7(X) ^^'^ % 
ov»*r the present lake, before the continued •glacial recession iK»rmit t • *^ 
it to be merjjed with the vastly lar;rer <;lacial lake of the whole Dnta**"'*^ 
basin. Its channel of overflow .*ioulhward is now 1.340 feet above t.!"** 



.*. 



sea. 






The ancient Hammonds|Hirt lake, now represented by lak<' Keii*" 
became about 24 miles lonj:. tw(» miles wide, and more than ^fK) f* 
ileep. Its mouth is 1.1 2.'> feet above the sea. or s<imewhat more tt"»**'. 
l(K) feet al>ove the pn*seni lake Keuka. The ohl deltas and other trj» * 
of the highest shore liin' are appri>ximwtel\ at 1.150 feet. . 

Watkins lak«\ as thi' v^lacial representative of Seneca lake is cal 1 * I* * 
jrn'w to be :U) miles lon^. four miles wide, and l.CHK) feel deep. ■ 

southward outflow, the lowest of all the series, is !KX) feet ab<»ve the ^* ,^ 
(or 4W fi'et above the mmh'rn lake), and its highest d<*ltas are at 
feet. 

The jrlacial Ithaca lakt*. now Cayupi. attained a stnith to north * 
XvuX of )>erhaps IC) mil<*s. with a width of .') ti» 10 miles, and deptiv 
l.l(^) feet. At its beirinninvr one outlet, in the continuation of the ^ 
yujra valle\. was 1.0*24 feet above thi* pn'sent sea level: but a lower |^ , 
in tin' southeast vallev was uncoven'd bv the glacial rec«'Ssion, cau;-^ ■ • ^'" 
the western l>ranch to fall suddenly al>out 40 feet. The lower or pr' ■ • 
cipal outlet, at 1M>7 feet, is .v*^) feel al>ove C'ayusra lake. 

i.iii't Xftrftfrrff. tht tturttuMtr of l.nkt Wiirrru. \\\ H. L. Fairchii.i"^ - 
has lonir been known that when the ice-sheet ctivennl western New ^T ^ ^ 
theirreat Laureniian lakes discharp'd at Chicajro to the MK^vSissij.- *■ ^ 
and tin* far expanded irlacial lake thus hehl by the ice barrier and cJ" *-^ 



i^y^ 



" Si- 



wnh «i-DiJiit- b»»mrri»*s fr«nn a i-w !-♦• t. mtnr-"**- «. '-^ a'**' • ^n**^ 
Uk»-s. t> mU'ti laifc- Wa.rr»Mi A: a minv ii'-- -iiAir w"»^-, m. >i<>n.iwu 
«ra> iiriCMV»*r»-ti. th»- wjtt»*r^ mn i-- Mi»- H'Mf«**»i. An* ri«- ,r^-a ;t«L <iii crt*- 
>il»- iif « Hjia-n*' has^ fr>»^ij faiJH^i ij^- lr»Hi«it'*r. ini-^r^^ a- .•( "-Tr^Hitar*- 
^XiL*:*' t*^*tW'«»'ii lb*-***- Tw«,. r !- •«jinr*-^*"*** 'nui rn- :••»**; ».4jr3«- • 'i»- wa.r*'- 
r.i\r-piitjj wr^t»Tn N*-* ^ 'tru arm li*- nr" •'■n La.:~"»}';aJ ;•»»—- ta^Tr***" 

i«-r ili\ id-. !!••» f«*^T ai>>v»' rn- -m'u a rn* '-iw: ft ••*«**■ 'twi- n^'u- K 

mint. TYir f«irm-^r »*vw4»*nr» ..' r.n.- iairs* -ru.*.u \a^- w- •: - n*-*^ 
iiam^ Hi h«>eHtr of rh» uti*- Pr»». - — \ •wm*— •- »«^.— ••. ♦»• iKf^. 

sihl»- wh^li allowanr**- »* mad*- f'»- '!♦•• .i»-pr»-»<-«*< -'tful "ml '»■ oJ^jj; » 
ihat iim»* 
In ih»- ♦Tisuios: «li!»ri*-w»j«ii- iir • eC • »::-«£3r" M»-Mir »»• •.*!—- fuiin* 

• Itrirrihrd. 

Pr»»f. SpE3;4 ER aJMJ ilr ^ fh_lsi a?^ -^iw**- _r' a i"»>.a •• i n* 

prMfBRx^nl nrniD*-. f»ui rh»Mjjrti" tixa.: 'r- luet- .i<%*^ a-u-— m*. Ih r» • --^.-r*- 

• hav»- <lr->rnh»nJ wrthiii rn- r«r*' .-a- .f»i— -'fr- rw.irj- !.*». i,;r»-.i j:''«i 
by Nfi»*tir»'r fnun th* Luao loju* MF^.^r '»»-r."'V - -ur* -»«< ••# 

it*Mf»rir»r(fMil Hr*arh w^-^t m** rrv- N'.jt:ra?^' " * 

Stttrm t»H thr '^ittf'tnlttft^i -^^ _\^#rr.*«.^*^... .., . i. T ' L* •. V■cJK^r^ Tit* 

its c**fjl»*r <Kitwarti ir. ai iim-*n. ••!!-. -\ — i.;!-^ 'r,.* h ••"► «r.r^:'i.-« r«i»*' 

• »f ih^- i«iThiiii>» 'f !»*••* ^ tiiiiiirir' r » '• nu.i.» !-^:j'i- ' • :r'it'-i;tt»«« 
>«"ts si»aTb^*M i»»wan: Th*- i»»-fjr«— lii: ..j*^.\ 't— .r ••• -i-.f* k 
\ ♦*n rvmarkabt^- T!^^ .\va)«K n*:- -'r- ' •t-^r*-- .r^.ir- •• .if • •».-f •«*!.*. 
J~»*]t ils r**<tJti h>*lT Kiars**" • allirir-:.ii -^1 *^f..i- ii- • »• ■ :.* .-jt* '-"igt-il 
in ihe viciciTv •»f •*!. -l»>rir«-». r^a- dk. 'r.- i:j> .:» 'i".' >- '-"n n* ut» 
«l*''rlviae aod r»fnTL2^t»n-» •«»«4inM«»f- •♦'•' :r :r' t:j: ; ■•••• ni,*-* »■«%'*•' »• 

' f*** Huri»r'Lai! ar**». r|r»«- u^^rf* 'tj*-* -* •.•'m ;. -■ r»-..v» .f .-f*- .,- «it».i!i. 
**^ xYxr- rr><t*!iJO^ r»«^k*. »"r'i tc *iiri» •—:•♦'►- \;.r*: ,.an*- ir*^- - wk» 

''•'iTaniiriff th** *rt»riaxnni »• f-i»if: iti.nj- ^:'f "a I-.»'iiM •- m;: if 

^'♦'Wofib* u^iTlhwami »* »-i n- *-a-.* » ;!»'> ;:!n •*.';'; v ;.♦. %».:.;-. cn i.f^ 
^^'"ift acti>»ii *"*r**rta'ii»n] >»;■ 'i»- "r.-»»«»^Lr'f • " ••••i-i:-. »•>- .• > "i u n:»-r*. i 
-^**W BrucEKirirk aiw! ••!" »'r»»'»w ;r ' t»* •»«-.?f ••»•» •l^*:;.:i v • il '-f;&-d- 

^* »ll'si cJ«=-scril»lH* •»! • b»" ]Uat:riifa»*-l r-.;.l»«'' •• ' ;.t;. U''ii»-: . .! 

•^»2jr»*s^ f«*r l^TH-**». Par: *i . ••ti «» i^r ' . ■ • -*• - i,ri ?-:.•; • •-. » r,. • 

^^ IVir* «inlf «»f St Iji« t^-lf*- !!.•• •:-'■.——;.!.« !; • Jt f •• - .•-»»,i 

* ■^•f. I'hamki^rliii tkitik* : i;t* ''•• \. » f •• :.. ;.:». ••■. -j. • .-, »! .• ^i,» 
•■''>"« iiul th*- I^r*-**--?* J *.•>.»•-»-* .•' • ?»• :- s.i». ii '.♦ ^ It • • %• ,^- ^ .-, •• hf,.[ 

■* NrewfoiiiMllaxid aiKJ N^w Fi-Lir** fr. •■ • ••. i.* ••• .» » •. >^. ^,. 

■^liceof lh«-«^ ai>Tfc!» T^' I S*- »rr»-b* •»*»»*<- .' •• "^•.... • • •••■. .^.j^..,, ,,f 

*•' I^iirvfiliao lakr>. abd th* uji:*- ♦- M *--.'«^ :••• H- •• •• ' »•-* ^- u- th. 
^■Hf*ia| cunv^nt«> •t\*r X-w Eur.ii!*- 'un • '* .u •• r' a*' • - !..*♦- ..f 
tifx si. I^irr>*or*-. fiiT lb* '"•n^rw-- .' z v u ^■»-:. ..• .• :-. *;t, m.!^..f 
'^•* Whil«* nuiunlain-^ atnj '.f tr**- <tr*:* • ir. • • ^n '-j;-- 'r -r r- -t J,m. ^i 7 , 

^'»^Uul siniilari\ «riat*^. 

**^*Hy. Th«' Y»*IIow <tra%»-i ^^-rj*-^. « ijirr, ,r r > . -.t , '.s^ K*-..ni«Mi x^rv 
l***rpl«'xmir for ^x|>lanalii«ii *«f it*. '»r;«'.ri riTni ' :xt..r;. . ^ f..ui.*J t.» iMinpriv.- 
^*^Ur (Uslifici formaiion*^. iriih a wi<J- ran;:- lu a^r- Ti" -artit'vi is iiHm«*d 
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Introduction: Area dkfined. 
The following paper contains a resume' of the results of a 
somewhat protracted study by the author of that portion of 

*Publish«»d by p«»rinis.sioii of the Diroctop of tin* W S. (M'«»l<»;rical Sur- 
vey. 

In this work I have rt'ceivod courtosic's and assistuiuM' from several 
wiitlpmen to whom I dosin* to e.\pn»ss my (»bli<^ati()ns. T.) Dr. Olto 
licrch I am indebted for many suj^gesiions while in the fii'Id with him. 
He also submitted to me for study the colleclion of I he liouisianu (Jeol. 
Survey. To Dr. Wm. H. Dall, Prof. Anjrelo Heilprin, Mr. H. A. Piis- 
bry. l)r. C:. E. Beecher, and Prof. K. P. Whitfield. I owe mv thanks for 
Hccess to the collections under Ihejr eharj^fe. Tt) \)r. Dall and Mr. K. T. 
Hill lam indebted for advice. Mr. (i. I). Harris has reiidere<l me ;rreal 
Hssistance in helping? me determine some of the fossils, especially those 
which he has named, the descriptions of which have not yet appeared 
in print. To Dr. Robt. T. Jackson." Prof. X. S. Shaler and Mr. I^. S. 
<»riswold of Harvard Unlversitv I am thankful for advice. 



,3**f ^♦•^ { li^**^' ■•■Ik '-*-'.<ft«rjj»r 



.-wy *\m^ v> p«>fp*r:n^ % n^^wT m. tie S»«**«ir- 'f**ii* -•f l^-mis^ 

ff*^m 'h^ Wr^-n^fT '»f the rTniort >cacM> Ge^LAcrrau ^^irr^T. di»* 

*<**4y f-irther nhe ynera i t i5K»tr*ieT if the r**^oo. ia rht? !v- 
p'yrt f'^r 'hi« ^nrr*^ Aiieti inor^ <iecail -wiil "le ziTitn than i* 
her^ pf#'^»'i»te<l. Aiitft .i«Ci»^#^ the f i 'K rfi t iifc vith 4««rr;pci40« axui 
f(ir»ir«'« '»f fh^ fte^r *p^«ne^ will ne inr;iicitfd. 

TKm »r*'« h<i» h^ren the '^ibifrrt of *cndT by *e^enii able gir- 
'»k#0«f». f onrfid •<» ^flir.T an I«f34* annoiinred the exi»tenc»r 
of K>»^ene in r>»«ii»iana from fo««iU -ent him. Later Hi Igard. 
ffopkirVAf, /lohn^»n. l^^rrh, Harris, and X<H>e*r. havi^ done deld 
vrofk in fhaf ittate Th^ pubticarion'^ *»f thtr«e geologist* will 
>#*• «iIiKf^rl f/» a^ f'f'rren**'*? t^» th»fir work b«ri?»»me:? ne<"e*?^rT. 

ThR ^ KET.*rEOI -. 

Tl»'' *'xi»t^n/'*r of ^>*rr»''w»ii* strata in L<'Mii«iana was first 
ifi/ll4pijr»My /r^rabiirthf^d bj Hilgard in isuii.f Subse4|uentiy 
ff/#f>kfriM, J/fhn«i^>n, and r>fnrh. have notefi the fK-currence tif 
f.ff'fa/'^/Hi^ in that «*tat^. l)r, I^rrrh givef* a list of the lo<'nli- 
l\i'4 /if fh<'«#' rf><'k«^ on paj^f- 72, part :!. r»f his "Preliminary Re- 
fforf upon rh*' (fi'oIr»j^y of the Hill* of Louisiana." Cretaceous 
oiiN'rop«4 have been found in the following parishes in north- 
'•rn f/oiii*iiMnii : Webster, Bienville, Natehitoches, Winn and 
Kiipid^H. 

Ililf^iinl obM#!rv<'<l that these outcrops when mapped form a 
lifM* t.reM<linj< frf»fn northw<'st to southeast.* Associated with 
lh«' oiiterdpM of the f.'retaceouH are salt deposits; hard lime- 

•.Iniiiiml Ai'ihI. Nnl. Sri., Pliila., vol. vii, p. r>0. 18.14. 

\\*in*i- H. l*i»'limiii»in r'«'|H»ri of u (ioolo^ical Ufcoiiiioissaiic** of Lou- 
I'.liiliii, ill hrllow's Nrw Orh'Jilis U«'Vi«*\V, Srpl. I.S(iJ). 

M M' *')< • |"iu<' 1 1. 



stone. «3&]lfAivr« ^matA ^^f^xmi^ tOH- lun i nl'Tf Qutoix. <^ SKfC^ ;Stl 
and SI. Tm^ W X^ K. 4 W... iMiitr Jkxkioitii. in Winii jyuLTHAL 

miiiuK' feirainecv. Ix likiMie !&MitiTt*^ u «9nat I ttnif itini cij' i^oiMl '!)»'<> 
been fonnd. 

In the Cs^HsMvtooif: <eitr ILfiiLHUiLiui Eo*f»pf/7*f/ nwifiit' hik$> Wy^t 
found : &» flba« f'MHaiil !i« •rffartLmriiM'Hniir (tf t^- ^\u vtt*imi\i/c di> 
vision of tlfte CpfMir CTe(C»f(fH«ii«L nkM- 'KtriiTai in I^kui-MioMi W«r- 
inj^ this foAsii] <«A»««iild W rfOHudt'rtKi (»f «l^ In i»ro«ii3l>r «|^. 
Hilgmid* Mentikwiis ^rffy^&'ft fHir.hr.ri hIbo: boi W if> watftKmi 
doubt Bistak<en in bQs 3<A<^ti^fi(mt3cau tt*- f*. /^v'rr-lff.^v as a <l'o- 
mnnche scrit^ f^ctmO jiifid dcies iKit (k^ut in Ti>^ l^fiMpm* ^^r^ta- 
ceous. 

The nebitions *»f tfc*- E»<h«*«k- i/» tiht- *( reT*r»ef*u-f, as <^oaM^ir«d 
bj Hopkins.^ is shovn in a fK*rTic4i nirrrtc^ tibe siaie. puhHished 
in his first report, lie indj^^te^s tibjit xhtvt^ ure knr«K«i of Civ^ 
taceous. around whieh Xht- ErCtoeiM' vas de]K«s5t<d. but does not 
state explicitij the relataon existing ^tvt^en the two faeries. 
Dr. Lerrh on pii^ Ti of his Serc^nd Report frires the foK 
lowing explanation : 

If w»» coiiiH^t Xhf abort-*- Virihlk^ mv- <»t«i4LiTi nt) irrr-ml»T hnr w\^\^ a 
iHirihwt»*ieriv tread. f*"^*:»litir ih** <JiMril*ul>i«ti of ih^ ■rrf*i«<v^»us tfy^fins- 
its ill ourth l>Hii>iaiim ai^ far a^ ^\]ik4v<d. *'\^t \a^K^ ir^-\ m ahici^nf^ss.. 
X«>whrrv oulsic2<' .•! llv- ttuicTv*!* tft»r«» hii\f r«a<-htxi ihr- rrri*<>r>niK xhA 
♦•NHii in th** n*-ar«r*.| vjcioiU. wt-jK ••! r«*n*.jti«nit*)- Jr].ih ha\r- )«riv«-inil«^l 
tliH shal*-s uf ih<- l<«wrr lijcnitic arnS miinTt*' nait*i»rrH" mhich ^urr^mml 
ihfw* island<«u ll i* in«««4 f»ri»hMblt-. h<.iWv\»T. ihai ai S]ir»*\fj«i»ri !h** ar- 
t<>^iHn h«>rv. I.IW* f*-**! in d^-i^h. ha*. jwDriml*^! \\\*' i»-niar\ strata ami 
\\\aX Ih** wal«*r tkt^irs fri*in thv ui»i»-r rrriac»-«nis >amis. Jndirnic lri»in 
Ih** b*>n'S and f.\pi«siirvs of ihi*. <>ubslnjrliir»- of IvoiiiManaxml rxchidina: 
thr ovHrlyinir lat<^r dt-i«jsii>. ji rvj.rw-nts a rid:r»- wiiJi m<-<-|» hi11sid<^N 
and (KTcasional hieh ]M*aks> with alm««st ]»'r|«<-iKlirtil:«r drr]i\i(i«*s. Th<' 
•'X(»irvra costaia and ihr sTrypha'a |*iicb«-ri f«>uiKl in c)<»<m' pn»Mmn\ \\\ 
tIjpSH outcnjps. as well as ih»- &»c»-ii«- dir»-iM)\ o\rrU\inj» and r»»snnjr 
a::ainst the cn»iac**«>us, s»-rni io|»im\«' thai n\ th«- oK«s»* of mvM»xoio nm»» 
enormous pliitonic f<»rc«*> c<»nviilsr.tl. fnictiir»nl, faiilird and fo)d«n) iho 
('i^tac»n>iis strata. thn»win*r up mountain chains of \»vi oxiont »nd 
rnisin^ thpm far alxno ih«* waters of ihr jrulf. It mh-his lo uv mor»» than 
possible that these irrand disturl>atiCfs invohf th** whol«M»f ihf VMiihfrn 
cretaceous, and that the enormous iUiwnth row alone tlir halcon«'s and 
t^he basaltic outbn^aks along that faull an* «'oni«' m|»ornntM»uv \\\\\\ ihf 

•Prel. Rep. of a Geol. Recoiin. of La., p. II. 

IFirst Ann. Rep. of the <;»*<il. Sur. of La., p. 7S. in \\w La. Siah- 1 in\. 
R«*p. for 1860, publishtHl ISTo. 
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orifrin of the mountain chain in th<> t4>rtiary of that state and or I><3uisi- 
ana. In the basins and cmbayments formed the Kocene strata weredc- 
ftosited, the v<*ry existence of which proves that then* was no interva 
of a land iM'ri<Kl betwetMi the cretaceous and tertiary in this state, and if 
we could remove the coverinjr mantle wo would s«*ethe chains and i>«'aks 
of limestone ranges formed at the close of the middle a^esof our planrt. 
altered somewhat by later erosion and denudation. 

We are not prepared to agree with Dr. Lenih as to the cor- 
relation of the disturbance in Louisiana succeeding the close 
of the Cretaceous deposition, with the time of the Balcones 
faulting and the Pilot Knob volcanic activity. To discuss 
this subject fully here would require too much space. 

We will emphasize the following facts, however. The Cre- 
taceous outcrops in the area under discussion have a genera] 
southeast and northwest trend with knobsor peaks projecting 
along the line, and around these knobs the Eocene has been 
deposited. The occurrence of many of these projecting peaks 
would indicate a period of erosion intervening between the 
close of the Cretaceous and the beginning of the Eocene. 
Furthermore, the Cretaceous at the Winn parish marble 
quarry is almost horizontal, the limestone rising as a butte- 
like mass into the Eocene. If there had been a mountain 
chain, as Dr. Lerch maintains, with the Eocene deposited im- 
mediately thereafter, before erosion had degraded the lime- 
stone, the (Cretaceous rock at the place under discussion should 
represent either a dome or an anticline, but such is not the 
case. In the mind of the author the most logical explanation 
of the relation of the Cretaceous to the Eocene is that a land 
period followed the close of the deposition of the rocks be- 
longing to the former series. 

Thk Tertiary, 
thk kcx'kne, its characters and distribition. 

The Eocene of Louisiana has been the subject of more or 
less study ever since ('onrad in 1834 announced the existence 
of strata of that age in the state. A good resunie of the early 
work done on the Eocene of this state has been given by Mr. 
(i. D. Harris in his report, ''The Tertiary Geology of South- 
ern Arkansas," pp. 177-178. 

The Eocene of this state is composed of lignitic clays and 
sands, the sands often cross-bedded, with the interstratific^i- 
tion of beds bearing a littoral fauna; the fossiliferous beds 
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are occasionaUv impure limestone. Apparently, beiU in one 
place bearing marine fossils, may in other places be repre> 
sented by beds of the same age devoid of animal remains. 
Therefore, it is not at present possible to subdivide and cor- 
relate with accuracy all of the strata belonging to the E«K»ene 
perioci found in Louisiana. 

The following are approximately the limits of the area oc- 
cupied by the strata belonging to this periml in Louisiana: 
On the north and west the Eocene of this state is continuous 
with that of Arkansas and Texas, on the south the boundary 
is formed by the Grand Gulf Miocene. This Mi(H*ene parting 
runs from a few miles south of Rosefield in C'atahoula parish, 
by Centreville in the same parish, crossing Little river five or 
six miles below Georgetown, reaching the Red river five miles 
north of Colfax in Grant parish, and the Sabine river near 
the mouth of Bayou Negrut.* 

Dr. Lerch has divided the Eocene as follows: 

Vicksbiirjr. 
.lackson. 

Arciulin clays, i 

rp|)er LijTiiitir. 
MaritK' daiborii*'. 
I»wer Li$rtntic. 



Pn)visioiial names 



I shall propose the following scheme : 
Vicksbnrj?. 

(InttTveniiijr li^nilic clays.) 
•Inckson. 
0»cksfi«*Ul Ferry beds (eciuivalent, in a jrent-ral nvmn. t<» Ihe 

Claiborne sands of Alabama). 
l.iOwer C'laib<»rne, including Ontrr^i MtllitformiH heils. Lisbon 

bed.s and Huhrsione. 
Lignitic. 

L iff n it t'c Sfdff v . 

If this formation occurs in Louisiana it is only in the 
northwestern corner of Caddo parish and probably at Shreve- 
port. I have seen at Port Caddo Landing in Harrison count}', 
Texas, which adjoins Caddo parish, strata that I consider lig- 
nitic. If this point is connected with the point where Mr. 
Harris' Lignitic-Claiborne parting, as shown on liis map of 
southern Arkansas, reaches the Arkansas-Louisiana state line. 



*Some of the above data ar** tak«M> from Hopkins: Isi. Ann. l{«*i>. of 
La. SiaU* (ie<»i. Siirv.. p. !)». for lS(m. pub. 1870. 



:M0 T^e Aim^rienn Geohpff^gt, 

it \fill b^ -'e*^ nhiit th**^ northw«»nt**m ••omer «»f <'a(idi» parish 
nM>«t pn>h*hly if* Ltfpiitlc. f hare not b«en able- co f^xamine 
that »r>*a. 

Thi«» 'S'taffp r»ovpn» by far rhVr larj^eM" area of any of the •Hib- 
div1«ion«» of the R<irpnpin r^^iiimana, exteniling ^onth frr>ni the 
Ar1ran«w« lin#^ r^i rr#»orjs?etown, on EJttle river, to i^. Iffauriee 
fff the month of ^4aline bayou on the Reii riven and to Proven- 
/tal on the T. * P. railway. Li>wer < laihome fossils have 
hemi found in fto«N»ier, Webster. Claiborne, Bienville, Jaeki^on, 
Winn. N^?it4^hit<v»hei» and Tyrant pariahef». 

/n Alfth«rtia* the f-ower Claiborne i* divided into : 

r*i«»hon hM«. and 

Uuhff*ton»*. 
Jrt Mifv^vifmippi lye. Hilgardf divide* the Claiborne, below 
eh^ iAfpi\l\^ bed i^eparatiiifii^ the Claiborne of that »tate from 
fh^ #la^k<on, into 

?litt»fh* writej^: '*From the seetion given in Hilgard'* re- 
fKiff^ it «ieem4 that the middle part of what we have called 
fh^ ( >\HS\f(fri\p i»erie«, containing the great number of Ontren 
MfiUp/ormfif, Hfp, the bed.<i of the Cal<^areoas division, best de- 
irp]<fp4'(\ In that «tat/'/'j 

Th#» HiHf^ioupi ri»iJ>f>rne represent* in large part the Buhr- 
^t<me of S]H\fHmH, Thifl formation in Alabama and Missis- 
n\p\A ft^v(*\^pn Sin nnmf from the peculiar lithologic characters 
/»f lt« /'r»n«titu«nt rtHtkn, which find no counterpart in Louisi- 
M\n, \n i\u* hwhrnUiXiv in theHe two states is not character- 
Ified by wf*ll preM«5rved fonsil organisms, it is not possible to 
miiki« M\y \}TiH*\Ht* correlation in the Louisiana section. 

Thi' lo('nlltl*'W In which Lower Claiborne fossils have been 
found hiivi' iilri'iuly been Indicated. The following are the 
|,tMM>rfi) lithologic chariicterH presented by that stage in Lou- 
jpiliinii. In riiddo and t)c Soto parishes and in Natchitoches 

•U. I», HjiirlH: Am. .loiirti. Sri., April, 1894. A1r^» see Smith and Jolui- 
HMii. Mull i:i. 1*. S. <J«M)|. Siir.. IHH7. 

C\)i>tliMilliiri>Mnil (^Mil. of MInm.. p. 108. 18(K). 

IMiill III. V S. <i.Mi|. Hnr.. p. W, 1887. 

^Tlip KHlliiit' !<« iu»l iiltofrctiu'r (MTliiin hIhuiI Smith's correlation. 
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parish* ms far :<«i>notJfi ;ft:$ Vik-tM'Hriau ll&a^ f<ihmaif atvA k<^ irV'pffVfM-nQir^^ 
by lignitie «ttad» and •r!bT> <diM-<'>Ni M nan lie f<(ii<«iilsv l>^V Hiis^i- 
tiferrHi$ strata oifroBr Khr«4A|stK>ui« the vlu^3<r arva kA Xht- lai>wvr 
r*iaihofii«-. In B40^i>i4er. < laibi^n&e and Bi^MiTilW |itari<»W!f f«i>i^ 
<i}$ are found au^ <ra5li» in «and^1«>n«>, and a« femi|e:i»ixu* fv^ 
placements. In Webster. BienTiOle and Jaeksn^n |Miri^il&eiL liie 
fossiU are usnallj obtained in glatieonitie «and^ altht^U|;h im^ 
ea^ionallj present in jel9nwi«h claj. Further »i>uth in the 
extreme southern portion of BienTille pari^^h and in Natebi* 
toches and Winn parishes, the fo94»iliferou« bed$ are Terr eal- 
careous and are rich in foa»ift. which are ui^uallv i^H^^rlv pns 
serred. Orfrem stMm/ormU is often extremely abundaniN 
There are slight paleontokigic differences to be found in the 
fauna contained in the calcareous clav^s or clavev lime«ton<M^ 

m mm 

of northwestern Winn parish and of Natchit<»ches }^ri»h« a^t 
compared with the fauna found in the glauct»nilic <uiiid» to 
the northwest: but both faunie are bevond doubt I^^werllai- 

m 

borne, and they are very closely related. Frt>ro the s^^utheai^t 
dip of the Eocene of Louisiana, it appears very pn>l^ble that 
the calcareous beds above alluded to represent a horixon a 
little higher than the glauconitic beds to the ntirth. Within 
the calcareous area at St. Maurice. Robertsvillc and Georgv*^ 
town. Lower Claiborne fossils were obtained frt>ni glauconitic 
sands or greenish clays. These l>eds, fntni the oh>se rv'St^ro* 
blance of their fossils to those found in the caI(*areouH IhhIs« 
in all probability represent local lithologic ditferenceo in the 
horizon to which the calcareous beds belong;. 

The Lower Claiborne formation rests conf«»rninbly u|hui 
the lignitic, and passes conforrauhly int<» the CiH^kstleld Ferry 
beds above. 

Of Dr. Lerch's division the following belonjif to th«» Lower 
Claiborne : 

Jackson (in iMirt). 
Arcadia (.'lays. 
Upper Lignitio (in purt i. 
Marine Claibornf, 
Lower Li^nitic (at least in imrt"!. 
The sections shown in figs. Lf 2, 8, 4, 5, aiul i\, plate IX, 
indicate the general characters of the stage. 

•This part of the I^)wpr Clalborno is Hil^urd's Mans(!«>hl «nm|». 
fFig. 1 is probably Lifrnitic. 



ill The Am^Ti^ttH *T^n4»^nsf. 



Thp Man«*fiHil iOmup **i Hilearri «ni*«iiii .n .iii probahiilnr ^»* 
r*='f»'m>^t •«> th#f r>»w*T < Imibome. Thtrn? is* in me JfaiLsrdeiii 
zroin*. -<> far i* w*- knckw. .* '^ompiete it>»em*«? '»f .miniifci ?»•- 
iaAin<». rh«* frirmmtion hetoi^ ••omp«><aed *t iuzxudfe^rrvii^ -^ntb^ 
and ♦•taya. The «rhanu?ter!> •►f the ^tr&ca. iiowev^^r. atp Litbit^ 
tAtfi^^ily th**- *anif^ u* chofleof the li^rniciferoii^ rwti? rhat 'M^Tir 
within th#^ northern part '»f the Li>wer vlaibomearea 'r»ecwet*n 
the Oiiaehita ?tnd Reti rirer*. The marine ffw^ii:* found be- 
tween these twf> rirers .ire lUwajn? both Mveriaid and underiaiil 
bj lic^itie r^trata. The Mmnsdeid area ':ie« <«o«ith. ^>iithwe^r. 
and wei*T of a part of the L*>wer < taibr^me area in wbieh ma- 
rine frxHiili^ have been found. Makin^^ an approximate deter- 
mination of the -itrike of the former bed^. which \» either 
north or northeai^c the foe»iiiferou^ Lower <.'Imib(»me of B«iri- 
•*i»-r. Mr»fb*ter. <.'Iaibome and Bienviile pari»he<f. wf»uid be 
alon^ the wrrike-line of the Manslieid. The ineiination of 
thef»e b#^?» i.-* m^ -Aiight that onir br aeeurate in:*trti mental 
work ^-an their dip and strike be determined witli lixactne^^. 
r>»wer ' IaitK»me fo<^il?* have been fimnd in Harris^m -rounry. 
T»'Xa**.* northwest of the •lUterop?^ of rhe Maus^deict : they an* 
found north, northeast and ea*t^ of the ••utcmpji »if the f.)r- 
mafion »inder dif»etiw*ion in parishes aireudy mentiontHi, and 
to th#* '^fMith the Munsdeld in Natehitoehe^i pari^ih dipt* under 
the Lower Claiborne at Victoria. The •opinion has? been ex- 
\}r*r^^*'f{ that the beda bearintr marine fojwilsi. found in the vi- 
'•inity of Virtoria, Provencal. Natchito^'hes, St. Maurice. »fCc., 
i%Tr -«tratit^raphirally above the fo!-^iiif*-rr»u^ bedn found in 
Bo-iis-ier. \V»'bj<ter. rjaiborne and Bienville parishet». 

\Vi"^r of the oiitcnipji «»f the Mansfield in Texaf*.* acconiinii 
to \,. f . .lohnwon. i** <*laiborne. A- the topoirraphy *^t the 
MjhmHi'IiI tUu'-* not n'pres«'nt ji bii.-in.;: 'iuch in* would 'iu«:;je*it 

■•.fMhii-'»ri. Ipipi Kfirinii if f.a. iriti T-\;i>. n.il. I >>^. 

• 'I'lM' l.i.wtT ' i;tii)MrTii' IS "hm >»f !i»»* M;in>fi"Ml m Natrhffi>«'h«**». W.ur; 

;iinl ' iTMIll |>?»ri*.|H'S 

tiroii I''","."!!**. Iw». ;iinl r*v\a>: ^♦•♦- m;i|». 

yy\\»'.t"Vn'jf .i\\\U\t\f aloriLT tijf T.\. P. railway. I n»m >)j p»'\ »|-«.rt. 
ai:.'f ,ij»»>'*ni'j' "Mt of • lu* ri\«-r i)nitnm. fii Prt»\ iMirai. is'JMl t»'»*t: al«ni:r rli** 
\" -^ .V 1* iMilnuul I'rr.m ■^hr"V"|M»r!.atT»-r l»'uviii:r fh»* R#*<1 piv»»p boiinm. 



that tht?" L«»wer Ci«ib«imf hnii m^n ♦•r»Ki«t<t ••rt" ami rii*' Li^nit- 

ic expoised. it "aeeiDti t<» cfar writnr taiu* rn^' Mittit*fi«'Ul i- only a 

portion of tht^ L«>wer < IttibMmt* af^'tiu ui manyif i#h«w4#». 

As the nureiation in thw |Mi|>er i;* tnttM^t -m iMiiftonroioifiriil 

grounds, thtr t't»llowinff list of ^ime m? rn*- nii»r»- ••omniou Uy^ 

«ils i« gnven. 

Cyiirhnai iraiba (on Naura <^nii.ioi;i:.i Lk > 

liorMmia biCMOira Wiiht" LiiiiH:.a ♦•!T;iiiii.;i • i»-. 

Aocilla >tainifi»»a < on >»'«'»ri.» :m'i.:i • «»*. 

anrilltifw Heilpbin Lj«»iia zrrin.i.a;.i Lk 

M«»nctfH\ •nnn rr»*»*«othra < on ••M">':» i -. :i-^rai,i I^h . 
M»r7irH*Ibt lairvata < on t.a^iajn ••ti'»t < Lka 

rt>oMririoni»»»» Met. .V. Alij — •!jiFf«»rTnt» ♦ «»r- 

Fii*iu?» inoniinn»f»H<'* <rjLBU Am»ini,i •'i»v.,\»\m*\*i*'-<. <«AJSi:. 

Papillimi tiuiii<>f««i « ON ^••♦•t.«,, f;u;i«t>rTi<*!f«-> < o% 
P>rula <Fu**tifi«*tiia . t»*xafia Ai.i.' Arra -»».*intx'n»*'...i Lh/k 

and Harsi**. T'TiP'iiarra •♦••♦•»-^i < «»> 

I^Atirus in<*»r^! (rABB Liin«'tint- a* ^'•intim-- < o> 

Psrudoliva v«-^iiisla ' ON '* •*it»'r'»*ar:i.i I'laui'*' •**».« Lam 

^.'tiTDQlinui anDis**ra < on yk*'r*'^r\ iM«u.«»(i < ♦»'\ 

Rrmlatns Heilfktn ria-»'ji..i < t*"^ 

Miirrx i-nsimaiiiii * ti^s '-xau.i < * ami; 

Murvx Mkltint'»|»»l\ «•» riiinfi»«»rii;. ti' Pr«.i«»rar'ji.* z;»nri'>r»ij.« <»vttu 

l>isi<irr!i»i*» '•^|»i'*inii-iitaiji (»aiu; Pi»*r'.|rf». • •*'»i;ru«i I>^n ^ 

laaBis rphahiimi S't'iixMia Uali. Fiari^i.jn '-■i'f-. '"rTri' L«»>-.. %ar 
<'v|inm LHtirH-tlv I H.UDU!> r»«'*n-.t»«' 'jb. tf .hhi U 

ra)yptraf»h**rii^ \*>bLtij*» < t^N Ih«r"rrij*-titi. .i-ri,;;;!!!.!?!'!* Ki> and 
Kim^lla ia«{ift**»Ca f '4j^ F{.%tvk 

t*-&arta HamUi^. PiA' '♦•••• fi>- •! 

Tumi**IIa \»»fii?»ta < ♦^N TunMri"!..- i-t.a*-' ' -.* I.t a 

ii»suta <rABC Kii*i"iKt.-) « n..!'*'!" I.k v . aii<l 
dui**.\ana Habkh mat -.ri.. ^ *i- < ■% 

fil»*b»Hd»-!«i. '•fi !»♦»• 

Except the »lH»ve nienti<»D»rd ••Mruif. a! 'n* ••«»rai- ar** iifW 
^}>«ri€^: but tber «r»r. witL verv ff-v ^-x^'-prnok*. i<i»iiti»*itl with 
the specie* f<^»nnd in tti^r L«»wt'r < iait»«»ni* ••! Aiiibattia and 
Mississippi. 

The preiieDre of «u»-ki ni'»!lu^k*- a*» n.s*f*n ,hr». ,■.,-, 't,, ^ n, s*'L 

*H04tr€i, fffff* tm€frff»i*to/t^*^. *'l''.. i*'h\»-* l: • il"':^«l ?i- !•» what 
the homotuxial eqnivaifij*- in Mi*-*-i-^:j»i. A .^NMri.ii. nxni T<*\as 



• • r 



'"■"""' ' '. '•* .* "■ • ; ■"■•** '".-' i:'.— 

•' " ■■ ■ " - : ' • ' . ' ■ 1.*^ -•! • T" .„.r -•..•-"■ 
- - - ^*- - --„..-_.-• ., -v^— - - . - . - •'Hi- 

* - ■' * " ' " — "• * - "•• • 'TiCJiT v"!tr ~a«* n- 

"^ ■ - ■ *- • - I . .- l'l'rl*.''':z .11- 

- '"' 'jri' »*?•» niKjriih:'* -rr^mt-.iiiife. 

• - ' ■-'-#-- -r..r^^ n ,, ;f> .f ^;i -e!»'»rr on 

'/'■''• ' .. • -'t' 1 r.t ri-.\u> ' •n.r •I'tuniiary 

•■ • ^. .;•«-•'.-«.- c:i'» 'rn«— ti 'V ;irmr:t-i ami 

/ • .. '. r .t.-T» • ^-^iIl*- fciAi :r«»in ::ih S. W. 

♦■ ""^ .^ •'? V ...rriit-ri*t\r,im -i. *TaiisviIle, 

' .t.r.'.-. r, ,ni! .V nil »Hi"**ii«'*. .iiiii run«» di- 
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Oaarhita parish. TUt^ formation prnh«hiy #w^Mipi»— hiffli 
pointis till farther north on Kayoii **»iin» 

Dr. Lerch, on p. 89 nf hi- serontl rejMirt. iriTt-^ n •^♦-fijoii in 
Whit** Clak < reek ten milt*- north w*—t <.** Winnti^-iti. whii^h ht- 
considers to he th«' ♦•onta«'t hf»twt»t:*!i xu*- Jit«'k-i4in antl hi- Ipiwr 
Li^nitic. Ht* «lates: *"A -simiiiir ««ffti«ni »- *e»'n lu %•». 7 i iiiz i 
of forefToin*: pa^-. Th** riiarart#-ri»ti«' rmin prairie- nn- 
ahundant in thv neighborhood. an<i in tht- <iiini|»-i<'f wf-li-s with 
undrinkabl*' water iarjr*- ?ieienitf '•ry-iiu- :in«l .l»rk-on foti>iilH 
hiivf been <M>ile<'tecL" 

Bi>th of the*ie jrentlenifi. tiii\' -rrMl «- ft rh* txiz* o! 
these bedsi, a!^ thf followintr ii*^ "* -oni»* nf tii* nh»r»- rhur 
acteri«tie fi^tisil-^ from on*- •»f the-* prair»»-- tei- mil*'- north- 
west of Winnfield will show. Thi- fMii^-f'tion wm- mad*- by th» 
LoiiisianH <Teoi4>pieul Siirv«-y anil wm- Mibniitt^tl im th*- uiithor 
for «tudT. Mr thank- an- du*- t«« Pro: <,. 1). Harri- r<»r a- 
sistanre in determining som*- nf th* nM»!ni»^k-. 
Fit<^ii<s ni«>rioiii«»|*siN liABi: .iiadaniciix^ Lv ^ 

Ps»»iMloIiva v»*tiisla < 'on. I**-im»'|. fi.iih.Trii»*i»««i'* < o\ 

<'iissicluria f)iaiMM«*ria Me^ aii'i Liniitfi^i-» ;t\ if*iii«iiit*'<' < *»\ 

Al-D. ' rit-'N»>'!i.. f» xalla MaKKI-^ 

Uim^'lia f^'xana Hakkim. < itriHi,,, ..nj^i-u^ < on 

Tiirrit^ila uplta l^K^iHtu,. !'ri»i«H;inii.i ::jiiiihriii.i *i\Mi. 

< alypinea Irochiformis Lam icai/ I.-iw*- < "j:iiiM»rfi. . iM\%hi«*|i 

Ht'iilahtim miiiulistriaiuni <tAni; I n:i\- ::k*'i tn* narii*-^ h'inini 

(Kitr»»a divaricata Lka. t*nii Ifrt-fti amt H*triiftfttthti/t lnHnn 

There i* not a character! Pti*- Jaek^iun l«>K*ii; in th*- abov*- a-- 
?»emblage. whiie many are f?trictiy Lower < iaiborn*-. 

Limestone of similar eiiaraeter to thai m wliifii th<' above 
fossilis m^eur a* cast*, and «*«intainin;r tn» »*«!»»• iiM*nik. i*. fonn<l 
in Natch it cachet: parish, bt^twt^en Pniv^nt-a. and Kohert«vill«-. 
and one and a quarter mile*- •ioiiii, mI )*rov»-n«'al. 

In the vicinitT of Victoria. ProveiM-jii. Nat«*hitofhe**. and in 
Southern Bienville parish, art- bf d»- o{ o.sh'tn .s^lln rnrnnis,\\\\\r\\ 
usually form smulJ prairie*^. rnf«»rtiinaw}v I>r. Iji'vch \\n^ 
been confused bv thif (»vt!ter: so J •ihal. \Hntnr' u <*orrect i«»n. 
On p. 90 of hie second report, iti di**cu»i*iin^ thr JH<-k'-on- 
Vicksburg gjoujfS, secti(»n No. J4 In- -tute- : 

*T!i«* s»*rli<^ni »'»♦» mad' 'Hi Wtin* Ohi fr-" «.. -♦'•(• 14. T 1 1 N . K *» AN . 
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About onf! milo* <}oiithwe5it of Victoriii the foMowiiijur S4'cti(m whs oh- 
served* showing well the petition of the limestone of this formMtion: 

1. Red sandy clays. 

2. LimestoiM* with t)8tn»a. 2 feet. 
'X Gray clay. 

4. I>amiDated black lignitic shales with sand 
partings to base. 

The foregoing exposure is 100 feet in vertical height. An this is the 
last section northward along this line, we refer the above limt^tone to 
the Jackson beds till the foasils have been studied. 

In last November I visited the locality in which this sec- 
tion was made, and found the limestone composed of Oxtrea 
neU(Bformi$ and Anomia ephippoideM^ which of course put it 
into the Lower Claiborne; and as the graj clays are conform- 
ably just below the limestone, they must also be referred to 
the Lower Claiborne. 

The ''''Upper Lignitic^' of Dr. Lerch. This author has de- 
scribed a series of lignitic clays which he states overlie his 
^'Marine Claiborne,*' and to which he has given the name of 
''Upper Lignitic." Part of his Upper Lignitic, as exposed ten 
miles northwest of Winnfield, undoubtedly belongs in the 
Lower Claiborne, for it is there overlaid by strata bearing 
Lower Claiborne fossils. But I am not certain that the strata 
in other localities presenting the same lithological appearance 
and designated by Dr. Lerch as the Upper Lignitic, occup}' 
the same stratigraphic position. At Columbia the lignitic 
strata probably are not Lower Claiborne but represent what I 
have called the Cocksfield Ferry beds. The lignitic strata 
about three miles south of Rosefieldt lie at the base of the 
Vicksburg, and most probably they are intermediate between 
the Jackson and that stage. 

The rt'd clai/.s innf red sandy cUnis in the cicinity <{f Mt, Leb- 
anon and Arcadia. In northern Louisiana many hills are 
capped by deposits of red sandy clays, which in the vicinity 
of Mt. Lebanon, Homer, and Arcadia contain fossils that are, 
excepting one species, identical with those of the underlying 
Lower Claiborne. The exception is a new Cardiam, to which 
I have given the name of C. harrisi. The species found in 
tliene deposits are: 

*N()I sn far. scarcely ^ mil*'. 

^L»rcl). <ie()l. Hills. La., Part ii. p. !>8. ISia 



j^l^ Stt'fitigrafkMy of X, If. Loninianu, — Vavghan, 219 

Volulilitbt^ petrostis Oox. Canliiiin harrisi, sp. nov.* 

Ostrea divaricnta Lea. Pteropsis conrndi 1>axa. 

Veiiencardia planicost,^ I,^y. 

In many pl&<^^^ ^^ northern Louisiana the red sandj clays 
or sands rest u neon form ably on the Eocene, and doubtless be- 
long to the L.af»yette of McGee. 

As it app^A^^ ^ ^h^ author that there has been some con- 
fusion of '^Liafay^tte," "Orange sand/' etc., with residual de- 
posits he gives at some length the reasons why he considers 
the superficial clays around Mt. Lebanon and Arcadia resid- 
ual. 

Two hypotheses for the presence of the Lower Claiborne 

fossils in the superiicia] deposits under discussion present 
themselves : 1st, they may have been transported ; 2d, they 
may be in place. The latter hypothesis we regard as the cor- 
rect one for the following reasons. 

1. In Mt. Lebanon, and north and east of that place, many 
of these fossils are found as casts in ferruginous sandstone or 
as ferruginous replacements. One mile north of Mt. Lebanon, 
in a well from a yellowish sand many Lower Claiborne fossils 
were collected. In Mt. Lebanon Lower Claiborne fossils were 
found in greenish clays or sands thrown out of a well. Sec- 
tions in these wells and the vicinity show that superficial 
strata rest directly upon the subjacent Eocene. 

2. The transition from the Eocene to the superficial depos- 
its can be traced. In fig. 2, plate IX, the glnueonitic sands 
pass by oxidation into the yellow sands, and the yellow clay 
passes by oxidation into the red. The yellow clay has fre- 
quently on its surface blotches of red which have been pro- 
duced by oxidation. The transition from the Eocene to the 
surface red clays is seen at Arcadia, six and a half miles south 
of Gibbsland on the La. <t N. W. railroad, and between five 
and six miles south of Gibbsland on the same road. At the 
latter place in the red da}' l^enericarffid plrnu'cosfft was 
found, as already noted. 

3. Fossils found in the well one mile north of Mt. Lebanon, 
imbedded in indurated glauconitic sand, are so similar in oc- 

*Mr. Harris has oxamiiifil tin* siM'cimens subinill«'(l to nn*. and \vrii»'.s 
m»' that he found thesam** siM'ci<*s at AValmil Hlutf. Ouachita rivrr. Ar- 
kntisas. On page 142 of his Arkansas n'|M)rl. the sp»'ci»'S is n*f«'mMl i«» 
as Carffium sp. 



fh^ Aim^:''^rfn *T^,f*ttf4Mf. 



KirTp^fP' *!• M'.f*'*^' .n 'hi*- TiHt Htnrt^ -tar-s- is* -., ^i ^ » p ..r 'bar. 
U^ «Hiwl« *'iirth*-r •!cirtizpfi inci 'ti«»- •aii-arr^^'iT* -ifiv^l*-*!!*- 
>r»-rt .lit. 'Ut-rt' rt.iiUi rwHirr -xarrtv mar - :''-inti n tit- 

no ,nflitf'.'*rinn'» •?' 'h»-ir i:kv'n\s, rw^zi 'Tjirer'v.-.rr.- :t: ' 'fit/*',* 
f»*n'r'jrt 'h*' iiifsitr* irp- •"•*rr -iftarp. -^'^ 'iia.r f .r 1:111 h--^ ttiii*- 

i« .arcp*. i :v»w«-rf>il •tirrprir -r.-Hiid iav«> -v-^fi -»-i!iin^l ind 
rh*T**^ .*r»' :!<• .nitirr*riiin!* if -♦u-n. 

P'lr 'ti*- ki»»»v»- /j^amin^^ 'tit- ^Il^tll•^ ■••'tn*iiit-r'^ 'lit- .f-^i var^i 
»nd .-wl -»*tnilr -Mr^ tti 'h»- nil* .11 rheTTriuirr *( Mr. Lt-tmimn 

in r,in«'.'»ln, ' 'Hiinirn**. .iiiii B«»«^»fr paris^t-?'. 

Jilaiir:*'**. ritr. H, piarv rX,ar** [aniiii:ir<*ii non-P»-i-iiiirVriii?i .-tiiy-i 
f\r iaminar»Ml -»jinii anil «'lay. liippini; -4ijriit;y ^'iirii. riif>^ 
lv»ftf» pff'^^TiT ditff-rfnr lirhninipiTii pha?-^^. -r-^ni^-niuii^ 'rMnrain- 
injjf mur** 'iav ;inil .irriKiir n«» -niniL 

Thi'. -»H:n#' nfiiy* ;ir'- '.v*-il »rxp«»-^l if < •»**kr-rit-!«t F-tv. ;ii?*iuc 
naif way h^rw^fn "^r. Maiirii*** :ind M«»nrir"iiifrv. i;^. 7. piac»* IX. 

An MitnTS'tXiit-ry. imm*-iliarr-iy r>« j«»\r rhtr -i;i»-ks*»n.* h«:*il-i 
lirhr»ni<ru'ai!r .ik*- rh«>«**^ fountl in rhe ipp*-r par: .f rlie St. 
Msmriff '♦f'-rinn anrl lik»* thri**f uc * •►••k.-^deiti F»-rrv .n-v f«»un«.l. 
Th#* '^'•r»on ;«r MMnrtr'»n[i*^r7 i* n'prf-s^nr»*ii in tii: "*. piut*- IX. 
Th*f dip >»r MMnr;r'»niHry i?* ^winit-whar -tH»*p»*r ruin :tc ^t. Mau- 
ri/*^. 

For rhp-*- ri*-*!"* h^-rw^'iin St. .Maririi'»- ami M'»n:^"merv, ••nm- 
inj( hftw»'*-n fii** f^tvrer rlaibornt^ and the Jafk'^'n. I pr«»pose 
tJnf ;'•'•;♦ i fiiiriu* "f ^ ofkxjf^/*/ F^^'rru hr'tf:*. In .1 :r»'ri'*r:tl way 
rh^'V r*'|»r»"— r.*" Mw ' laiborn*- «*iinds of Aiabam;!. •> :C it !•? not 
pr,«<4lr,,<- fn .;:i:;r pr"ri«^ly tin* Ldw^-t < iaiborn*- :it^«'V«' or the 
J^^/'k^^''^ '.,*'.•. \\. <irid onf- ••an not ^^tate «*x:ii'tiy i-vv muoh or 
whfir fiiirr -.f ri.#'«e b»*«l'* repr»*»-*-nt th»- < i;iib«»rn" -i^ands. No 
b^'d- b*';ir:rijr urw'xn*- f'»«»«-iU ;ind ♦•tjuivaifr'nt t" v.w atter beds 
hi%\*' b''»'i. f^.'.ri'l .:i r*«»iii«iiana. 



\jv.r .....i',.-. M - . ti. i'»**. rri. i'»:. ri>. 



f.FfnitMilihr inn»>^mt!i) iFtiiirr ami Tf^senibh fyifii ntinn -sr. tHiw^i'Tv 

!5ifc><><ii<»?pafi*i.Ii?' tiiin ttn'v t?ini \h tiMtm^ui«hf»il oiiJy by ]>iilfmh 

i-'ii-Mjg^f .ohu:rafiif*Th. Hiitii -inoprt*^ iin iin:jrf»h fliaTHfrt»Tixf^ii 

bj <aLf«i«jj»<i»iin- fttiriHs. At tht inti^n ill tht ^'ifkshin:^ iiTt li^ 

niti^ -j^lsTiiitK, iH- timi Jh -HtM»ii in tin -j4f*t«tMiii ahoin thrtn iniH*^ 

«*:»4a!Uhi •(•»?f K«widi«Ul in ^ «ul.aiinulii )MiTH<ii. iM. IlilxriiTcf* iiit> iii»- 

tetl M ^Oimiiiar »«*»f'urrfai»*< irf li^iitit- riay-^ and li^uit ai "thf 

b8i^*<- ^/if iiin V;i?ifc«tiiir^ tn ^'i»!4c-rtiiiiT^ and iiortii ivi l>raiidnii in 

Mi*«9:2-s«lf<5«.. •<*>ii Mftrmiin ul tii* lixtmiiipirai '>^inlilariti<•^ lil' 

th«-««e fw<>» "«la^fw> xIh- nr\*ik t%x»i'\\^^\^f\ h\ xiw.m nntta InrTiK }\n*y^ 

fnt bie tlff>nu.1«f<d itf u iniit. On ttit iinrtii tin nnm h- iiniiTf»d >>t 

the <. Jji3i»««n>t- -HGTM**- iiT iwd*. tlit kiiovn *liirk«<(iii fUiTf.rojts 

beio^ at M'^anusffomirr <in thf^ li«d tK-^'t, ai Tiilli>f and Tw#) 

miSes ffi^iiirtib Ciif ILtmnfitiid in < .uxaiiouin jiarhsii. ui !Htiiikf*.r ilHill 

ID CjiMw-kIJ fiarirtk. Hud «i t^raiid Tit*v on T,hf (.hianhiTOi rivfr. 

Mr. Hnom iii fai^ **itf^atti on tkn- Tertiarr l-nviki^ of At 

kan$jiO <•« fL II*J2 •Ktii'bt* : •'Tkif fxad ]Miim k1 mhif^h l:h<- 

Jack«<f*B f4ji^ jTCiirrlM* "Dbf Ouat^liri^j riv<»r i-s titill unkiK»m-n. Hn 

18H4 Dr. Harijiiii «dwirri-be»d tbt- ^enn^ 2iftKtliwtiti.rnt: { ^li-nffhtitttrn *) 

before tihe Aj«*iri«ai Phik»f»(*pb>ra] ScicH-tr. ^iviiv^ as it^ \cy^ 

calilT • pcHBt on tlbe OmfcrbJtA riv-er, :fiftT BnU"<^ i»T UT>d tw-lo^n 

Monrcie. Thi« i»«ijm: 4<»u Irt.lt*** m l(»ralitT d<»i fur froTO •lirjtmi 

« 

\ lew. 

Hopkin#^ ouikef »C4 reference Ik* Harlan^ -wt^rk, nTwi fiv^m 
his statemeDt, ereia g:iTiii^ « *4e»rtJon, 1 mn ren.jiin thai hf \\9k^ 
iK-eii to Grand View. Bt the rr(K»ked r««id rK^uth frona Mt^-n- 
n»e. Grand View i«i venr near the l<*ral3iT nferreti \<^ hx H^ir- 
Ian. I have Jack«r«n foMiil<s, submitted to iiie bv lht» l^nnsiv 
ana Gei»log^cal Survey, that came fn:»m two miles north M 
R(»se(ield, a point about five niile^ southwest of Grand \ ii^w 
Hopkini; mentions Zeuglodon lK»nes having bet'n fomul **\\ botv 
the Harrisonburg and rolumbia road eross«^s tlu' t alahoiOa 
and Caldwell parish line."* This place oorre<|x»ntls \«^r\ 

♦Ajrrieiilture and Geol. of >Iis^.. p. l<>i. isiwi. 

fFirsl Rep. I^. Geol. Stirx . f-.r ls«;!». pub l>:o. p !n» 

^i)p. cil., i». J>2. 



ifr Hj*!-^* ';i?^n»T 'fsif*-*: -fir. K. W Hiisjarfi* ^ia» mttf-r- 
orp'f rff Hi^ran^ .i»»^iicr r'^r Zriit£li>«t«»n remain* .i> 'nrNiiu iiaif 

-i*^ Hnw "hi:* •^»n?*miTion ••nn •>? :3iit >>n Hurian^ -i^rate^ment."' 
I JitfTf^- -rTh Mr. Hams. ;inii ctiink Dr. HLi^saiTi matte *& /«'/«j(#'jc 

X'lrrii .f tti»* .in»- :ndii*aceii ly Tlie in*kv**^ .«H*aiicitf2» for 
Ja«ftCj)«in :'»'*»ii:*. n»'mif nav»* -m* f;ir rM*t*fi r»*o«»rt*Hi lir '**»iiipecent 
pa i»^ »n tf» t r »ei a ts*. 

W***t '.f rhtr li«i nr»*r ■*•• fur not :i -X^i^k^m f«»st*fi iias bet* n 
aiithonrjiriv#*iy r*»"p*»rt«Ht.r \rhen ;ic PrT>v»*n<rai in X«>v*fnib»*r 
r <lrort=^ »-iarhr miie* ^^viirh of that piaet* "it^arfnina: for .Iack.<«»n 

• iuriT«'ip*. In rhe banks of Santa Barha «rreek < oaileii br rh#r 
inhabitancy** "^niir Bun^i I found a irriftmi^h blue «*iar «*f»n- 
raininsr **»it^ret»u* niidiiit»*. resemhiinjj I'uns-iderably in *Ithi»- 
i'lipr Jippraranetf the Jack^m at MontiP'ni^^rT. The river ha> 
A wui*- \-aiier oppi>4ite Montgnmerr. -^^i Dr. Lenrh bad no 
^nan*'»* ro rind Jarkjton f<M»*iL- while makinic rti:* -eetiim aionir 
thf T. it P. .^aiiwny frr»ni Alexandria to Mans*-tieid. AJi»air th>- 
' !aihMrn»'-Jii«'ii.-«m ♦•'inr.irt rhe Sparta winds oh*H»!in» the '»id*T 

♦ >r.»- ptiinr "U rh»- n'»rrh»*rn tHmndarj nenis a little furthtr 
«|i^"i-^i.,n. Ac < rr-i»r^t«»wn. in rlie vaiiey -if the Little river. 
I>.w«-r * -aibrfrne fn«»-iU were irbtaineii fn»in ;t weii. Jai'kson 
f.,.*^ii,, Z^/////o///*,#. were r«»und \n a railroad *'uttin:ral Tulio«i. 
•A f^-w riiiie'. ♦•a**r **{ Little river. It i* file ••pini«»n *^i the aii- 
fh'»r r'lwir rhi- -rrejiiii ha> ennled ;iway rh*- .Iaek>4»n and na> 
ri» J- r»r'»«i;rhr riie L«>\ver < lailM»rne near t«» the -iurface. 

riie -'•'If hern ^MHlndarv '»f tlje -Iai*k!»on-Vick.*biir;r has l>eeii 
verv -.v*:: ^v:\i'*'i\ r>y Hopkins from the Ouaehita t*» tlie Retl 
ri^'-'". rii*- [mrfintr run- from a point two miles -iiuith of 

* .. ■ -H i:':"'"'A'i. 'I'"\;i^. »ii f n*- ^:tinii'* ri\i-r. !Iii;r:tnl "ii [•. "^» >*\ ln.> 

'^ r, I'.*: I' I,, i^-r.. '\' i • r'-'»i. It»M'«»ni». ••!' La.. rn^-iH h'li^ M:iV!riir r'lMiFjtl 
,1 ,/• ,.» .,...^,^ Mr K. T. I>»mi«»i»-, .n \'M.ii, N«». ♦». "l' rii** .Iitiirnai "f 
/,. ., .' •■'; .. .'f»Wi -'-f'-rrMi.' ••• ' ii»* K'tf'-ii'* -tt' T»*\:i>. writ*'-; ••N«tn»* ••!' 
■ • -,. «! ••• ■'• K.i«' t.'- :ia. !iij: '• :'-:t|»-i| r''i'*>ii> (har:n*i»Ti'»rii; «»f ln.ri'^»»»'» 
■1 ;/■ . • •' 1 ' i:»- I...V.''* <i I Miri:**, ' ii»- <i»-ji«»Nir> r>*r«»r:il»i»* i«» ttiai xtm"* 

,ir' I . ,: '' I •-< I •. . f- »;i-;i: i .« »rT l« -ll. ' 'Ml ;i ma | • •»!* I ll»* K*1*»*tl»* 'if ••,•»>! tTti 

') . I- , W. |\»'?.ri."l' '!i»- =►♦•«»' .il "^nbiri'-^'Wii an* r^f«r^**i**nr»'»| .in }[.>- 

• I'.. '.'I', w i'''i ;ir.-. ii-r*.ril;ti«' :•• M r. I )fimM«-. I-«i\Vfr < 'lail^tni*' 



T^i! -S^rw»-T-^'"#»#**< •»* 3". W . ljf»**te'tff'H-r.r^yff'^*tr9f^f.. 1^^ 



Gi^orgetown mmd 7»«Kri>fs liar Rt* tit-^t fwt- ■niirs noni:. <i»f 
Colfax. 

Some f*f liht- f-»s*i4>«' j<>u»d ir: llit Jjir*'**^!. i*^ Lt«in<ijii3a a?*-: 



X»'ii*»f»b«»r» rrrlwai l«*s F«-t*-iiuir« riii»-ifi*rn>- i^*vv.\»r. 



Natica fi^rmaiHia <'«0: TT%«rti.*r\airtu> n i i iT. ■"-»:> 



<>snva iri«»«nal»* <'4*3E. i4»\.. ami mHii\ tmi^-Tv 

IrK-alitT by the Lc^ainaiDai i^ol^Kpira] Sutwt, v:x^ ihrr«- inilt-^^ 
south of Rojtefield. 

Some of ibe fossil?i f^iund ht-re wt-re : 
IK'ntalium inr*«iiiisi|i|«i^ir**- < «»x I*'*ritiiirniiiv nrrin; u> i\»\ 

t>str»-a vicki^burrt-iiM^ * <*^- * ni««aaii»*l!« inissj««s]]i|»i<*nv)v « «iv 

Area ini$si^pf»i*'DM4^ *S<*s. Eiif«siiinini» r>iuhr**ra V«*\ 

Bvsstjarra limaf o!K. «h'l>iiiUiil*^ in«iii*)r. Moirrt»\ 

In the American Journal «»f Scit-nre. id ser^ vol. \i.vnu 
1S69. p. 340. I>r. Hilgard mention^ Orbituiih*. P*rU m /*4«#«/jet»#t«\ 
and fMrta rick»hmrQtmifim^ frc»ni the heMdj* of Hear creek between 
Dugdemona bajou and the Red river. On p. ;-l^ f»f his *'Su|^ 
plemental and Final Report (»f &Gei»l<»|rical Kt^ouni»i$sanct-of 
Louisiana/* he refers to this same l^K-alitT as "sewn miU*^ 
(west) from Little River Ferry .*' 

In the American Journal «»f Science. Hii ser., v«»l. xxx, 1SS5. 
p. 269, the same writer mentions ih'hiii»itU'», J /•<•♦' i»*t\<tifsiiiftp*'^ 
e/i#/jr, and Pecfen potrhoNi\ from Bav<»u Funne l^uiis. 

We possess the following data regarding Vii-kshurg nn^ks 
west of Red river. Dr. Hilgard states in the American Journal 
of Science, 2d ser., vol. xlviii. 1869, p. 889, "At the base of 
the Grand Gulf rocks we find, on hay(»u Tanrt*av!, a seam of 
shell limestone with Vicksburg fossils." On pagt- 19 of his 
Supplemental and Final Kep<»rt of a Geologieal Heei»nni»is- 
Jounce of Louisiana, he mention^ Arrn nttssisstjtjtit'H.sis from 
this locality. 



Z7*^ . i i*# **!•;#• ff;# '^it4fnfixr. 



;pmfip xf ffiigarrt- rii^^s**" :-n«-k?- iiav»- 'if*f*n .ie*»^nb«Hi i>]r ffil- 

TTn^r .\xv- > T>ra i>>j»trt i ■ » f • • i a v^. '»«itL* • •! at vrHrc »nt^. -^ wds^ » ntrr*. 

'••rmin«t fmra rli*Mii, nnr rii#rr :in»- i"F-r'**rrpd. co rhe Li»wTF*r Mi«t- 

* rtiif .>f 3€ii»!^iafHppi. ftie ;»45P' if ^tiiiffl lias*- JH*t»ii ixtni p«>«tivei7 • 
rh#» north#MTi rionniiarr -if rh«* «rninii wuif iiass- luntaiiy in 
p»irr ^0!^n .acliran^l .n rtii?» paper, [r ninj* ri«»rth fn»ni Sarn- 
M\nt\nr^. itankiiuf rhi»- lv»rr«»in -if ♦^lUH^hira river. n» :i p«»int 
>iiv>ur tJin»*» mile* -^Mirli ►f EL»ia«^!iffiiL The iine fmin riii* D«»iiir 
r*\ ftif^ ft#*ft riv#*r ha**- lirr^adv b#r<-n in*tii*areil. We**r'>f the tUni 
ri v*>r rhftre ^r** ^^Xi^f^ilenc •*xpf>iwire*f ;ic «. hopin. Tbentn? che :ine 
rtaR Iv^n rra«?»»tl d> Che :^hine river by Hopkinsw JLfrer *'n»*«- 
inflfrh#^ ft*ffl riv^r Hopkinii^Hty*: "Reilppearin^ in the t.'Unicier- 
vill#^ and Jtit»«r<rhift Hi I la*, it ranisei* ;iim«>i?c due we*t &» the 
'Bart Hiir -revert mile* "^fnith of Manv. in De Stco. anii reaehe?? 
?^Kin^. n#»»r th#^ mouth of Bajou ye^rnit.*'* 

Th#^ rHacion of the «>nind «ralf to riie Et>rene is* a perplex- 
\x\g^ f-jiiestion. and is* one not satisfairtoril j ••ettled. P'lmpeily^ 
'Ar\f\ FmII^ have *hown that in Florida the [owe^ 3Ci«>«*ene n?#t^ 
•in<*onformablv on rhe Vieki*hunr E«wene. We have in L«Hii<- 
iana rhe Vir*k.'d)urj5 E4>eene and the L«>wer Mitieene. 

The tnpiij^aphie features* of the <Vrand Tralf are interesting. 
The nr^rthem hrMindary ij*. when not e«>vered by the -iub^e- 
f|uenr fW^fmiti*. a rather -^teep escarpment fat*ing inland, un- 
flemeaf.h which the Viek.^burg dip*. Dr. Lenrh has given an 
^►xcfrllent (le?**'ription of the top«>graphie feaDire«of the irrand 

f>uir. 

Mf»r*' \\\AU ;*ni of rh»* previous rv»^ions if»-»ii!rib«nJ. it hsks tli«' j>i.-tiii 
H(rM<MuP' i»n-M^rv»'il. rhoutrh »^n»»i«»n has l>-»*n in this t*»rrTtory not Ihss 
Hrt»\.'ii h;i"^ rtu:^-t»*«l oui iliffpp»*nt forni>». Itistea«i *>f th»* whU rouuii^<i 
hi IN A.ui\ mop- ir«r»il»- -^lofj**?!* uf th»* ritliT'-N ocrupx iti:r tli*; r»*:rion north uf 
M- iw>iiiiiUr\ . it >^l»>fi^H rrr»m ifs »ip»*f»ly d**ntatt*ti and broken north line 

*\hx\\. \U\\\.^i*'iA.>*>r.. Am^r. vol. v. \^M, [»[>. HW. KJT. 
'^mith. Am J'Hir. S-i.. III. v«»I. xlvii. [». 'J!)*;. April. ISiM. 
■*rriif li. < hart fo <»»'ol. .Map of Ala.. IS!>4. 

MI'.pkirM: Kir^f Ann. K«'p., «i»^«>l. Surv. La. for 1>^)1>. pub. 1H7«>. p. 1K>. 

: \nMr Jour. >ei.. III. vol. xlvi. [i. 44.') pt vq., ISl>3. 

,l;ij||«'tiri <i»'o| Sir. .\m.. vui. v. p. ltj*i, IHIM. 



^j-sT iiintTd iniiivT a «it^j» ait?)* h*»yoml Ih*- iMiiindMn of ihf yirr^tfui siir- 
v«-\_ ivjikdtv i«iwicrc^ lb* .frull. |iTt»«t»niim: h fiii4f<*iiu iii whirii ihi* riv»«rs 
hjit*'-rBi wi6f valit\\> wiiii si*n»)i m•all^ aiui th^'ir iTihntuTif^. nHTr«>m 
rulif-T-* wrtli kfr(»i««ni and d«*iiuil^c] t>inhiii»kinf*tils. fi*»\f»ral nvfr l(Hi f>«t 
ID i^K-jjrii FTfi|UfiTtl3 thv pouiiit\ Timd*". wiml alon^ u nnrn'm TifUr*-. 
f*] ! jxrr "rtitwii "U'-eritH-r «icJf fiir ^nan^ mi^t^ thrmicti ihh» fwriinii Thf 
ff^T^Bi^t^ ifT4»r<isifiu Te«fnnbt<- «(firH*whni lh»- rminirx nnrih tif ii m'hfTf 
Jb*- drifi «aiick> iiuvf- arruiniiiMitHi. r»»rfniiu: sf»riii»ii^ ntinosii f*qiutll\ 
*|r^f«. T^H-A Hi»***u iij tH*i«rhi III a *«>iitl>f»rl} chrfTimn. Tht- lMTirt«r.a|w* 
lh*-«*- rc«r4a« nfffrr m» v«r^ TnciDfUoiiaiH^ Th*- «»|wii wiMMi*. ol ilw loi^r J*»Kf 
[•ID*-, a*> Tar ai> ihf fvt- ran Ttrach. aiid tht- »rr^*i. turf iiii»TTiiptf*d bx harr* 
^•** <4' ibf* irraT iiaiid*' d*Tiv#*d fmiiri im- iindfrlyiric ♦amcHJiam^ tsMinnf- 
iini«-«^ CTf^ijiiiir i»in in bixrb kiioH^ aioni: xiw rimd. <rr fniin tbf sands and 
;rniv#-i*i <if lin- drifl wbirb ^f»iHTaII\ rov»»T ib»- T<«cksnf ihis iivrmatioii in 
a ihiB *J>f*X- Tbf watfT»« of «iTfain*« antl rr^»ks art* sm-iTi. nrb iii fHih, 
♦-*>r»-ciaJh inmi and |»»'Tt*h. and alnn»si nf rrvsialhiM- rl»'«ri»*«ss. imh*Hs 
th»-T viod ali«ur t» furmnpx bonom. and spriiiirs art- fVf u mcfrf niiTrsfr- 
«»u* ihazi jh iIh- niirLh*TT] jmrl of ibf Siai*- * 

Extending jirro**? tb^ rentm] pdrtion of Ix^uif^iana •ty» dtr^p 
quartz sand^. Tbe ii<»rtb*fni ext-ent f^f tbe**e Mind^ i* a<i f cal- 
lows: Ther rtrarh U* T. 16 N^ on tbf Louifiimiii in<*ndiaD; 
the boandjirT frctm tbere pasf*«-f two milt^ <»oiitb of Gau^vill^, 
thenre nortbire«t t<# Sparta. From Sparta it run^s f»outh t<s 
the northwest comer of Natrbitorbe* parisb, and tbenco tbf' 
boundary i9 formed bj Black Lake bayou and Black lake, t4^ 
the mouth of that lake. We«t of the Red river ibe line run* 
from Victoria bj Fort Jesfiup and wiutb to tbe mouth of Bayoti 
Toreau.* Except a narrow fitrip along, the Ouachita rivcr^ 
nearly all of tbe region between the fluviatile depo^it^ of the 
Red and Ouachita rivers is cohered bv the^ sands. I have 
not examined tbe «>utbern boundary west of the Rtni river. 
These sands overlap both the Lower ("laiborne and the (%rand 
Gulf, extending entirely across the Jackson and Vioksburg. 

The material of these deposits is usually almost pure quartit 

♦Pn-1. Rep.. Geol. Hills «»f I^.. Part ii. pp. SUi. IM. \SiK\. 

fThese sands and jrravels hav»« b»*fh calird drrfi b\ Hopkins n\u{ 
I^rcb. In order not U* venliirv an opinion as lo th«'ir H>r»\ an*! noi lo 
attempt a currelalion of all tbe siii>«*rficial iiplaiul sainls and jrravols of 
northwestern Louisiana. I have pn>|ios*'d a local nanio. and dosin* lo in- 
clude under it def»osils of whose hMm(»:^en\ ami fom«Mn|H)ran«Ml\ lber«» 
can be no reasonable doubt. 

{S»»e Ijockell's To|K>grai»b. -Map of La.. iSS'i. I havi* seon tl\islin«'all 
throupb the territ4»ry except alonj: Ulack Lake baxou ami HIack lake, 
and from Victoria lo the Sabin** river. 
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sands, sometimes with reddish coloring matter, but in Grnnt 
parish there is a great deal of quartz gravel. In the southern 
gravelly portion transported fossils have been found.* 

The topography of this formation is interesting. The rocks 
are easily eroded, and the hills rise very steeply to a hight of 
75 to 100 feet above their bases. They are clothed with u 
forest of long-leaf pines {P. palustris)^ between which there 
is no undergrowth, so that when one stands on a hilltop his 
view is only obstructed by the multiplication of trunks in the 
distance. The whole area is covered with these trees, except 
in a few places where the Lower Claiborne, Jackson, or Vicks- 
burg forms small calcareous prairies, and in the ''hollows'' be- 
tween the hills. It is a magnificent lumber region. 

The sands and gravel of this formation range in thickness 
from a trilling veneer to 00 and sometimes to 100 feet. Along 
the contact with the Eocene, as seen near Provencal, there is 
some clay at the base (see fig. 9, plate IX). These deposits res.1 
with a distinct unconformity upon the older rocks. 

For these sands and gravel the name Sparta sandtt is pn^ - 
posed, because the}'^ are well developed near that town.f 

The Grftrefit hettreen JJaifc/teat and Black Lake Itayoiis an " 
irettt of liincA' Lake haf/on. Occupying the divide betwee ^^ 
Daucheat and Black Lake bavous. and forming the banks o^^ '^^^ 
Daucheat in many places, are gravel deposits to which seven*- •^ ** 
writers have made reference. They are also found west (t^ ~^ 
the Black Lake bayou at Tavl<»r on the V. S. & P. railroad ^^ "* 
They can be traced 'south, and, from what I have seen it -^ *" 
southern Bienville parish, I am inclined to think that the^^^^- 
pass into the Sparta sands. Dr. Otto LerchJ has described t 
similar gravel deposit accompanying the Ouachita river. 

S(t)nfs ut Mausfivlil. Overlying the Eocene at Mansfiel 
are white sandsg with small bits of white clay intermingled^ 
Near Burk Place in Bienville parish, I have seen angular bitt "9^^ 
of white clay in the lower part of a section of the Sparti^ ^" 
sands. I do not attempt to correlate the sands at Mansfield ^ * 
but call attention t(» this siniilarit}' to the Sparta sands. 

♦I.«'ItIi, Pn'l. K.'p. (irol. Mills or L.-i., i»jirt ii. p. KM, 189:1. 

fSparia is in iviMral Hit'iivillf parish. 

Ji»arl I. (Jfoi. Mills I.a., p. 'i.'). ISi)2: I»arl ii. p. I0:{, 18U.T 

SiMc(i«'»*. in his map nf iho I'liitod Stairs piiblislu'd in .lohnstin's En- 
cvohipjinlia. n-prtstnis tht*s»* sanils as N«mi('<mm'. 
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THI -«?E<'C*KI» ••OTTHll^ AKI» ALLIVIAI VA1J.K\^. 

L*«»wer t4»puj!T«.phiriilh' than tht- >yiaTt4i tyiiidf, h rr iirapii tit- 
ins tt*f inTg^r ^tream^. are brdnci tiiit*^ wijirii ocf iipy an f leva- 
ri* tn riUJ^idfmblT faijarher thaii th« present alhiviwi v«]leT>. 
Tbf'Sfr- fliit'^ iirt- f'^?fp«*eially not!r*f*ablf^ a]on«r tln-liftl ancUMiarh^ 
ita rrvf^TS. Thex havt* hef*ii well dt^rrih^cl h\ l>r. Iverrh. 

LaU'T than the Second Bfittom^ and ^wrupviim *> l*»wer 
l-»p»^iX!Tiiphif- level are the prt«enT uliiivia] valley?-. 

Tei Skction in N<»kthwk<tek\ L^uimaxa. 

The fallowiim 1^ tij«' ^prtioii prt*^ente(! by nnrihu'e<Tem 

L«>ui«iaixiu ai^ I iiave mad* it run : 

l;*-f'#«r»i Vlni\innj. 

PI*'i*ii4«r»'iH >«*roiMj t>4in<»nY>> 

.Ks*' iiii<J**l*-rmiiM*ii >fiiiria saiuis 

Mu»r*-if ^iraiHl <iiilf j-r-ni}. 

T»*riiar\ VifkNt»urr st«fr* 

< r»*Utr*-oii*- <ilaur.iiiiiic «li\ i^wn, 

I have not piven e^tinialf^ of the tliifkneiis (»f the Eocene, 
bwiiu«ie the dip i*^ too **Iip}ii and variable to furnish reliable 
data, and no reeord^J of borinpi are available. 

SrMMAin f»K ( oNCL! Slo\>. 

1. The C Yetacef ui*i of Louisiana tH-l<»nfr*i to the GbnifNinitic 
tiivifsion. and it f^eemn pnibable that it*; (bposition was foj. 
^<»wed by an erosion peri<»d. 

1 (a) In Louisiana we find strata pn»bhbly ri'presentinff 
the Ligni tie of Alabama in the extreme northwestern oorner 
and at Shreveport. 

(b) The Claiborne <»f LfMiisiana, bearing marine fossils, 
represent* the Lower ('laib<»rne stap^ (.f Alabama. an<l it oc- 
cupies a more extensive area than has hitherto been roooff. 
nized. In the southern part (»f the an a the beds are muoh 
more calearecius than in the northern and northwestern part. 
The calcareous strata are pr(»bably stratigraphieally above 
the more glauconitie beds to the north and northwest. 

(c) The Mansfield group of Hil^ird, 



I i\ ) Dr. r>Tr»h'!* ••Arrwiia <?lav5>/"' 

{ e ) Jind the '«niail prairii^^i or meadowR'in !^»iithem Bien- 
vill**. nnrthpm Winn »nil yi » t ght co f 'h < jf » p u pigh t ia i^. are L4iw**r 
Clnilv>rni* in age. 

{ f ) The '^UpptfT Lii^itip'"' of Dr. Lerr»h represients b«Mi!» 
helon^ng Oi two or more ditferenc liorizfini^. 

I ^) The red (•lays and red '4udy riay>* in the virinity of 
Mr. r>^hanon und Areadia are Lower ( rial home in age. 

*^. Intervening hetween the Ltiwer Olaihiime and Jul* k son. 
are li(ynitif<*roni» «ind» nnd «»iay**. here eailed the forks ff^J*l 
Ferr^l h^ili*. which in a general way represent the < Iaih«>rne 
4andH of Alahama. 

\. The Jaekj»on and Vi«*kjibiirg .<4tages f«irm a r+trip of terri- 
tory between the Red andOuaehiCa river*. They resemble eiK'h 
other in lithologic character* .-w closely that they ^^an bedi*- 
tingni'^hed only by their fo!»ils. Apparently ct>ming between 
the two !4tagef9 is a lignitic bed ^iich at} is found \w. Mis(«i^ppi. 
We«t of the Re<i river Ja<?k!i»on fot^il?* have not been author- 
itatively reported. 

5. The f^rand Gulf of Loui^^iana is I^>wer Mii>cene. Its 
relatione* to the VickAburg are not known. 

fS. Covering the southern part of the I^>wer< 'lail)orne area 
and all of the Jack^m and Vieksburg. excepting small sp«»t>. 
and extewling over the frrand Gulf, are cieep quartz sands, 
flometimes with gravel, which bear a growth of long-leaf 
pine. These sands rest unconformably on the lower terranes. 
The name Sftoirfa jtfmth is proposed for them. 

7. Accompanying the larger streams, occupying lower lev- 
els fhan the Sparta sands, are wide second bottoms. Top**- 
grapbically still lower are the present alluvial valleys. 

F^XPLANATION OF Pl.ATK IX. 

VUf. I. S#Ttlori Hf Slaujrhl»^r P»»n bhitf. at th** h»'»«l of rp«>s.s I;ik»'. 
on»'-hHlf mil*' A\x>\t' Shri*vM|M^rt. (RfMluce<l fr*»m Hiriir** in L. C". .lohii- 
ivMi's Iron Ki'irioris of I^>iiisi;iri2i an«l Thxms. \*. IH. ) This section pn»!»u- 
bl\ JH iJiTiiitir'. 

Kffi. 'I. S«TtioTi of I^iwrr < 'lai!)«>rii»- oii Hammftrs bruiioli. S. \\. \ 
Src ?AK T. Is N., K. r> W., two milfs iiortli»'HM of Ml. l/rbaiion. No. I 
irraihs into 'I, atHl ."i is rbTiv»'(l fronfi (> b\ oxidatioi). 

l''io. :;. S«rtiori of Lowi-r ( 'lail)orii»' in thr first railroad ciittinir wt^Ni 
of ArrMiiiJi f.^Miifth of cnttlnir IJMO f»'»'t: clfpth. 15 f»M't. 
I. K'MJ cIhv with somf sand passinir into 
l itViW larninali'd rla\ ( "Arcailia rla>s"). iiassini: into 

• • • • 
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X Iklsirk thinlv Uminnted cIhv. 
Fig. 4. Sectiou of I^iw<*r Claiborne H^ miles south i»f itibbsland on 
ibe I^. Jit- X. W. nuiway. Length of cutting 510 feel: depth. 16j feel. 

1. Ri.h] cUy. with some sand in the upper |M»rtion. |mssing into 

2. Gray laminate<l clay r*Arcadia clays"), (Ntssins; ii:to 

3. Black thinlv laminated clav. 

Fig. 5. S«*cti<»n of li>wer Claiborne one-half mile north <»f Nalchi- 
T«>ches on Old river. No. 1 is a yellow calcareous marl with calcareous 
rmdules, forming a prairie soil. Osireu jteUirfttrmisHntX an Orbit uHn*tA'i\n* 
foraminifer are vt-ry abundant in many places on lh«* surface. Below 
the surface a few feet, sometimes fossils are numerous, sometimes (inly 
caIcarf»ous n<Kl tiles are i>res«'n!. 

Below the lignite seam {l\), the laminated san<ls niid clays S4»metime8 
show cn>ss-b<M]ding. 

Fig. (5. Section of bluff on Saline bavou <»ne-half mile above St. 
Maurice, showing fossilif«'rous Lower Claiborne (4). overlaid by the 
Cocksfleld Ft-rry beds (2). 1 «lo not know whether I^ should be referrtnl 
to the same category as 4. or classed with 2. The whi>le section, ex- 
cepting 1. is on»' confc»rmable series. No. 1 is gravel, pmbably of Ci>- 
iumbia age. 

Fig. 7. Secii«»n at Cocksfi«'ld Ferry, showing the Cocksrteld Ferry 
b<*ds. lowiT i>arl of section unex|K>sed. No. 1 is gravel, probably of 
Columbia asre. 

Fig. 8. Si-ction near the upfier end of ihe bluff at M»»ntgomery 
showing the Jackson 2. U. and 4 overlying the CocksfieUI Ferry beds i\ 
nnil 7. 

FiG.O. St»clion one-half mile west of Prt»vencal on the T. *fe P. railway, 
showing what is probably the basal contact of the Sparta sand*. Cul- 
ling 240 feet lt»ng, 9 feel deep. 

1. Yelltiwlsh sand with some clays, resting uncoiiformably i»n 

2. Stratified r«*d clay with white clay partings, mantled by soil. 2", 
probably Etwene. 

3. Iliematitic in»n ore developed along the contaci of 1 and 2. 
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THE PALEONTOLOGIC BASE OF THE TACONIC OR 

LOWER CAMBRIAN. 

By N. H. WiNCHELL. Minneapolis. Minn. 

It was first in America that an effort w«s made to define 
the base of the Cambrian by faunal characters. From time to 
time lower and lower portions of the Cambrian strata were 
found to contain a characteristic trilobitic fauna, in Europe, 
and especially in Scandinavia, and without hesitation sucli 
strata were admitted into the Cambrian system. Harrande's 
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first definition of the primordial zone simply defined the '"Par- 
adoxides beds," which have since been found to be in the Mid- 
dle Cambrian. Plainly the bottom of the Cambrian was not 
seen by him. In Wales Middle and Upper C'ambrian faunas 
have been developed by Salter and Hicks, and by others, but 
no paleontologic base line has been found. Even the Olenellus 
zone has not there been discovered. This being the birth-place 
of the t^rm, to which its later-discovered extensions must be 
referred for verification, the query might arise whether on pal- 
eontologic grounds the strata carrying Olenellus really belong 
Ut the Cambrian. However, the Olenellus strata have later 
been detected in Shropshire, bordering on Wales, and may 
reasonably be expected to extend into Wales. In northwest- 
ern Scotland also these strata are well developed, but seem to 
be succeeded directly by the upper (Olenus) beds, though no 
transgress! ve non-conformity between the Olenellus strata and 
the Olenus beds has been definitely established. The base of 
the (*ambrian here presents a curious complexity. It is in- 
volved in a series of faults and thrust-fractures. The lowest 
rock which lies on the Archean unconformably is the Torridon 
quartzyte, as yet not proved to be fossiliferous, and non-con- 
formably above it are found strata carrying the Olenellus 
fauna. The Torridonian (|uartz3'te is from S,000 to 10,0<K) 
feet thick. It had been included in the ('ambrian,* notwith- 
standing the con-conformity at its summit, until the fucoid 
bed above the non-con formit}' was found to contain Olenellus, 
when it was immediately referred to the Pre-Cambrian. The 
profound non-conformity at the base of the Torridon quartz- 
yte has a wide extension, and its significance has been re- 
marked on by several Knglish geologists. As a datum from 
which to begin the reckoning of Paleozoic time it holds 
first rank, and t4ierc might to be some better reasons for 
excluding it from the ( -ambrian than the non-discovery of 
characteristic Cambrian fauna. In the Longmynd region, also, 
similar irregularities occur, but at this place the strata are 
broken by volcanic and other igneous interpositions. Some 
have claimed that even the Longmynd strata are Pre-Cam- 
brian, i. e. Archean, because, apparently, Olenellus occurs 
above them, with evidence of volcanic disturbance between. 
*A. CKIKIK. (^uaii. .lour. (i«M)l. S<)c.. Auj^.. ISSH, p. 400. 
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Throughout Britain, therefore, in hite years, the paleontolog- 
ic base of the Cambrian has been taken to be the Olenellus 
horizon, although evident elastic strata, long called Cambrian, 
cMH'ur widely below the Olenellus horizon. 

It appears, from an examination of the literature bearing 
upon the Cambrian of Britain, that the time of the Cambrian 
was subject to volcanic outbreaks, as represented by A. Geikie 
and by Dr. Hicks. In some places this was the cause of sig- 
nificant variation in the nature of the sediments, as well as 
of changes of level of the land, causing the submergence of 
areas that had before been dry, and bringing the Paradox- 
ides beds and later the Olenus beds non-conformable upon the 
Archean. and even upon older parts of the Cambrian. The 
principal disturbance of this rfature seems to have taken place 
early in Cambrian time. Just at what epoch the Olenellus 
fauna was introduced, at the different places at which it has 
been discovered, there is as yet not sufficient evidenct; to af- 
firm. It may be that the life of the Olenellus fauna was ver}^ 
long, and that when it was exterminated at one point, by vol- 
canic c<»nditions in the ocean, it continued to flourish at oth- 
ers, or that it returned again t<» its former habitat on the 
return of favorable conditions. Another principal event in 
the time of the ('ambrian, in Britain, seems to have been that 
which separated the Olenus strata s(» markedly from the older 
portions of the Cambrian. This in some places brings the 
Olenus beds directly upon the Olenellus (»r pre-Olenellus 
strata. 

In Scandinavia and the Baltic region the Cambrian forma- 
tion is greatly redu<*ed in thickness, and the Olenellus fauna 
is found near the base, which is marked by a striking non- 
conformity upon the gneissose Archean. There has not been, 
so far as observed, any propositi(m to separate the lowest of 
these strata from the Cambrian. The occurrence of Olenellus 
near the basal beds in Scandivavia, where the most evident 
succession of parts appears, and where the lower faunal changes 
Were made out first with exactness, seems to have been the 
initial fact which inspired the idea ot* limiting the Cambrian 
with the Olenellus beds. 

In the Salt range of India, according to recent work by 
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parallel of the European Cambrian, it is* highly probable that 
flome of the eniptive ro<»ks which have been found <Moj?ely as- 
sociated with the Cambrian in Wale? and England are of so 
late a date that thev fall within r'ambrian time. These «eeni 
to be repret»ented in the Taeonie in America. The exact re- 
lation that they bear to the Olenellus horizon has been an 
American question with different views, as in Europe, but in 
America the earliest principal disturbance apparently followed 
this fauna, as will appear later. 

The. position of the Olenellus xone has been thus sum niarih* 
defined by Van Hise : 

Placed ill fh»» .\lir'>nkiHn. iiiKitr this dt^flnition [i. ♦*. :isKumiii>r th»» 
Okn#*lluH »>ne as rht- Irws*^ of the Cambrian. X. H. \V. j an* ll.<)o*) fe<*t 
of (niarTzyf»*» ronformahly b**l«iw th»» Oh»nt*llus in th** Wajwiich: lO.fXMi 
f*»pt of ar;rillvte*4, sian<lstont=^. quartzyl**^. and r«>nirioint*nit»'s conforma- 
bly b**nt*at.h tht* <>len»»lhi.s in British rohimbia: 12,«)l)t)f»^t of sandstoii«*s, 
xhal^!ii and limest^»n*»s iinrom forma biy b«^n*^ath ih»» lowest known Cam- 
brian In thf»<irand canyon of tht» Coloratlo: a similar s^-ri*** of riK'ks 
iinconformabl\ beneath ih#» Cambrian in IJan<» c<mnty. T<*xas. a si*ri«*s 
nnconformably beneath lhi» upper Cambrian in the .\din>n4lacks, and 
Ihe rocki* of St. Mary's and Placentia b«i\s, Newfi>iindland. which are 
iinconformablv below I^*wer Cambrian strata. V'tn lli»^. f%»rrtf*ition 

It is onlv intended bv this brief review to call uttenticm to 
the stratigraphic position of the Olenellus fauna in those por- 
tions of the globe where it has been most carefully deter- 
mined. It bertainly is a convenience from a paleontologicul 
standpoint to recognize definite faunal planes. It may be. 
therefore, an aid to the progress of geological research to 
refer to the plane of the Olenellus fauna as a marked and well 
estal)lished datum: and in the present state of stratigraphic 
paleontoUigy such an assumption may serve a good purpose 
for a trial hypothesis: but it should be remembered that there 
are many lines yet to be followed out and many regions yet 
unexamined. The Paradoxides and the Olenellus faunas niav 
be found to be closely related, and perhaps to blend, as sug- 
gcHti'd by Matthew. It should also be remembered that if it 
become agreed to limit the Cambrian at the Olenellus zone- 
tin* underlying conformable clastic strata, down to the grea^ 
non-c(nifr»rinitv, are not excluded from the Taconic. 
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THE MISSOURI LEAD AND ZINC DEPOSITS. 

By James I>. Robertson. E. M.. St. Louis. M». 

Note In the recently published transactions of the Bridgeport meeting of the Amer- 
ican Institute of Mining Engineers is a paper by Mr. .\rthur Winslow having the al>o\e 
title. This paper is itself based upon an e.xhaustivc report on the lead and zinc depo.H- 
its of ML«S4>ari prepared by Mr. \Vm.slow, while state geologist, from work prosecuteti 
iarngthe last fi\e years. In this work the writer assisted. The original report is very 
hroad in <cope. tho design being to make it a work of reference on lead and /inc. with 
Mi>'<ouri a*, a center: a work which would be of general utility to this important indus- 
tr\ of the state. It thus contains brief descriptions of lead and zinc deposits in other 
:ountrie>. general statistical tables, descriptions of processes and other matter ol wide 
tiearing. The general geology of the mining areas is described in great fullness and 
ihcir history and problems are treated. Interest is centered, however, in the ore depos- 
;ts of the state, detailed descriptions of the numerous ore bodies are given and their 
structure, composition and origin are discussed in a comprehensive way. The recent 
papers of Posepay. Jcnney and others have awakened renewed interest in these topics 
in general. and especially as affecting the deposits of the Mississippi vailey: and the ap- 
pearance of the report is hence very tinu'ly. The f jllowing paper is essentially an ab- 
stract of the general discussion of the lead and zinc deposits ot Missouri as set forth in 
the rep<iit. 

The lead and zinc deposits of Missouri have of recent years 

become of such importance as to cause that state to rank first 

in the production of zinc and lead ores. In the year ending 

June 30, 1893, there was produced 40,300 tons of lead ore and 

msOO tons of zinc ore. The year endinj; June 30, 1894, 

showed a production of 5i,000 tons of lead ore and 89,150 

tons of zinc ore, a decrease in the latter item but a decided 

increase in the former, in spite of hard times. 

All of the deposits of lead and zinc are found in that por- 
tion of the state south of the Missouri river, (ieo^raphically 
and categorically the deposits fall int<» three districts. These 
are: 

1. The southwestern district, comprising Jasper, Newton. 
McDonald, Barry, Lawrence, Dade, (ireene, Webster. ( 'hristiaii, 
Taney, Stone and portions of Wright, Douglas and Ozark 
counties. 

2. The southeastern district, comprising Franklin, JellVr- 
s^n, St. Francois, Perry, Ste. (ienevieve, Madison, Iron, Wash- 
ington and -portions of Crawforii, Ki^ynolds and Cape (lirar- 
deau counties. 

3. The central district, composed of Cole, Moniteau, Mor- 
fi^an, Benton, Hickory, Camden, Miller and parts of Pulaski, 
^^lede, Maries, Osage and Pettis counties. 

Jn the central and southt*astern districts the rocks are 
niainly of the Ozark stage of the Lower Silurian, and in these 
'"'^(•ks Occur the ore deposits. In the southwestern district the 
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Lower Carboniferous rocks are the most abundant, and in 
these the principal ore deposits are to be found. In the east- 
ern portion of this district, however, there are a number of 
deposits in the Ozark rocks. The age of the rocks of the 
Ozark stage has long been a mooted question. They were 
originally classed as the equivalent of the Calciferous rocks 
of the New York section and recent investigation goes to 
prove the correctness of this view.* The rocks consist in the 
main of magnesian limestones of varying texture, with inter- 
calated beds (»f sandstone. Considerable chert is associated 
with them. The rocks of the Lower Carboniferous belong to 
what is generally known as the Burlington group, including, 
however, patches of Keokuk and rocks of the Kinderhook 
group. The ore deposits, however, are confined principally 
to the Burlington rocks. These consist mainly of fine, 
coarsely crystallized limestones, associated in places with 
beds of light colored, brittle chert, which are sometimes lo- 
cally greatly developed, and occupy a large part of the 
section. 

Structurally, the geology is ([uite simple. There is one 
roaster flexure expressed in the quaquaversal dip of the rocks 
from the Archean center. Beyond this there are a few minor 
flexures and also a few well marked faults. There are also a 
large number of minor faults and crevices unacc(»mpanied by 
movement. 

In the southwestern district the ore deposits are found al- 
most wholly in the Lower Carboniferous rocks. In the central 
and southeastern districts they are confined entirely to the 
Lower Silurian. The deposits of the southwest are largeh' of 
zinc ore, while in the southeast lead is the principal ore mined. 

The different districts are characterized by special forms of 
deposits. Thus, in the southwest the usual type is the mas- 
sive. The ore body is frequently several hundred feet in 
diameter, consisting of ore and gangue and surrounded by a 
more or less barren limestone or chert bars. Stringers or 
sheets (»f ore may run out into the countr}' rock, but these are 
not of sufficient size to affect the general form. In the east- 
ern part of this district, tabular deposits in vertical crevices- 

*For tlu' <l«rtails of this inv»»stijrati<»ij. th<* rrndtr is rff«'rn'(l tt) tin* \W — 
|M»r! on L<*a<l and Zinc. Mo. (ieol. Surv.. Pt. I. f)p. .'{T<S-.*{S.'>. 
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occur more frequently, although mafisive or cavern deposits 
are also found. 

In the southeastern district we also have massive deposits, 
hut the structure of the ore body is totally dissimilar to those 
just referred to. These consist of great masses of magnesian 
limestone in which the lead ore is disseminated in grains of 
varying size. As in the southwest, so in this district are 
found the tabular or sheet deposits, as well as lenticular and 
pipe deposits and stockwerke. These occur mainly in Jeffer- 
*^on, Washington and Franklin counties. 

The ore body is composed of a mixture of gangue, (»res and 
accessory minerals. The gangues consist of country rock, 
clays, sands and shales, secondar}'^ cherts and limestones, dol- 
omite and barite. 

The country rock is generally limestone, either pure or d(»l- 
omitic, or chert. It occurs both massive and fragmental. The 
former is seen in the southeastern district, where the ore is 
disseminated through large bodies of massive magnesian lime- 
stone. In the southwest, the country rock is mainly frag- 
mental and consists largely of chert breccia, although frag- 
ments of Coal Measure sandstone, shale and coal are met with 
in this breccia. The chert is angular, sometimes pitted, and 
while some blende or galena may occur in the crevices or cavi- 
ties, these minerals are never found in any quantity through 
the rock. In the southeastern district, where the deposit oc- 
curs in portions of the Lower Silurian rocks close to the 
Archean floor, water-worn boulders of granite are met with, 
^'iayg of many varieties are found in these deposits. They 
»re generally dark red in color, but also occur in all tints of 
red and yellow to pure white. Some of these lighter colored 
^'urieties are called "tallow clays," from their resemblance to 
^**llow, and often contain a notable quantity of zinc. Sands 
'"^suiting from the decomposition of cherts and quartzite oc- 
^'Ur in Jasper county and the adjoining Cherokee count}', 
'^U8. The shales consist of earthy sands and plastic and non- 
l^l*i8tic clays which grade into sands on the one side and clays 
^^^ the other. The}*^ are sometimes partly consolidated and 
^^^nietimes soft and of the consistency of mud. Secondary 
^*^ierts consisting mainly of an amorphous chalcedonic silica 
'^''e abundant as gangues in Jasper and Newton counties and 
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''i#w if :£ *r,s^ d^p^**;t*. tKit. V. far a* ::--»^-?ir*L d-> x- -^ app^rar l«» 
^i^ '?'/nai^/&- In 4p<idiEi<^a* of •-^rh, :i>r lizi'«r?t-'2.* f.-r^*- tf.«r na- 
tr»x of tr.*- ffa-trt br*-*?ria and ^-ft^s r s^-I* *?e* *-rr^a> ^'f b'.esd«-. 
!>/>»» ;f*-- oth-rf th»a th*r mafiraT^ian l:3r*t"2.«r? "f rhr- Ozark 
*^ajc*r afi«I >f th*r pink rrTSCaU whieh a>r a^-ndv ..f ziine-raliigi- 
*ra. int^rr-r^t. i- prin'rifiallj f'"tU5<i in ta-r •••i-thm'^-stera district, 
ft i* i- ia^ir '-omp'r*^! of a tirr*^^ th-tuzr. ir.*>*hrrvrn: nia-^si nf 
;ff*5'. srrav;*ri wr»it*r '^r dra'ti d-'l'^niitr •!Ty*ta>. It appear* t»» 
riav«r f#*-*rri f-»rm*^l f>y maffn*-^iar: •'•ijti'-n'i' a-.-ring ••r. ihr lim*:- 
i»torj«r- into whi^L it ••ften ^radr*. Barit«r '-vurs a* a srangwr 
inin«-rrji in th«r ^>ijth*ra»i4i:rri and «*er.rrai districts. It i^ iren- 
*r rally of th*- opa«|ii#- white vari»-ty. tin:r«f^ with in»n •»n ex- 
\r'f^4'4\ •nrfa*'*--. Vij^t^<» TK-^-ur in it iin«rd with tabular ory*- 
ral-. It h\*o **4^t'HT* in ^»ni#r I«»<''aliti»r* in liniiteil quantities in 
\i^T\i*: tabtiiar. -♦•iiii-tran*par»-nt »Ty«ta.*--. ••••l«»ri»-rs «»r **i u hlii- 
i**h tifit. 

Th*- niin'-rai- in<.*i(id»r th«- zin** Jind I»*ad riinnH»und> and the 
;»r'/r#r--/»ry iiiinf'ral;^. 

'V\\t- '/Aut: tiiiiierul'* are -iphalerite. ealiiriiine. *mith»<>nite anil, 
rarely, hydrozineite. Sphalerite is found erysstallizeil throuj^h- 
out the rire body and enerU'^tingeavities. It is!^*en deposited 
on 'rh»-rt. limestone and dolomite. It is generally of a dark 
red eolor with a resin*Hjs luster, but is also found of a bright 
yellow er.lor and often in small crystals of cinnamon and gar- 
net er.lor-. Calamine. liKrallv known as "silicate." is found 
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mainly at Granby, Newton county, and at Aurora, Lawrence 
county. It is in the usual forms and there is little uncom- 
mon in its occurrence. It results from the decomposition of 
blende and coats crystals of that mineral as well as of calcite, 
and frequently forms pseudomorphs of the latter mineral. 
Smithsonite is likewise found in the usual forms and colors. 
It is the principal ore of zinc found in the southeastern dis- 
trict. In the trade it is known as **silicate" and is not dis- 
tinguished from calamine. 

Of the lead minerals, galenite is the most abundant and 
important. It occurs in cubes andcube-octohedrons in aggre- 
gates sometimes of large dimensions. In the southeast it is 
found in crystalline and crystallized aggregates associated 
with barite in the tabular and crevice deposits and in granu- 
lar disseminated form in the magnesian limestones in the 
massive deposits. When deposited on caleite, barite, second- 
ary chert or other gangue, the crystals are usually well devel- 
oped; when found in the disseminated deposits the crys- 
tals are generally imperfect. All of the galena of this 
state contains a small quantity of silver, varying from 
i to 4 ounces per ton. Cerussite is found in all the districts, 
generally near the surface. It is nowhere abundant now, al- 
though it was previously mined in considerable quantities. 
Anglesit^ and pyromorphite are comparatively rare, and are 
of no commercial importance. 

Caleite is found in a variety of forms, generally crystallized 
in the usual scalenohedral forms. Sometimes these crystals 
are found with the alternate angles rounded in a very pecul- 
iar way. Barite has been referred to before. It mainly occurs 
in the southeastern and central districts; only little is found 
in the southwestern district. It replaces fossils in the Lower 
Carboniferous limestone in Pettis county. Dolomite is abun- 
<lant in the southwest but occurs sparingly as a mineral in 
the southeast. It is found in aggregates of small crystals, 
sometimes so incoherent as to form a sand. It also occurs in 
^'urved crystals of the usual shape, of a beautiful peach pink 
Color. Pyrite and marcasite are found in all districts although 
the former is rather rare. Marcasite is comparatively com- 
nion in the southwest. Chalcopyrite in small tetrahedrons is 
also frequently found. Quartz in the crystallized state is rare. 
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2x 'i»* «*• '.-•.IB'*.'*'': :'.'- «.-!•*::* irr- .•!*_> ^r fcT»ri<-r:«xi bra 

i-«-. i.'.t* V •■-Tirr .-••^i. ^''^*r "i :i«r •-rrvii?^ o^j^f^ii-^ in The 
*"vl.l»*A** fct-c *^^'r» 'i>:r;-*t* art ^rt-^^^iaTird :r strj^iare. as 
fc** ». *•• "^'.^ r.rrif- 0'f:j^'*>::- -f Thr jait^r ^if^iri^-i. Thr nia«- 
♦;t^ •«>7^>*:'!* 'f •1,*' *^';tr,*-a-: ar*-. h'^wertr. rhara^ierized bj 
» ar**---*r '■? rrr^tajjit*- itni^riir*-. Tnr dro-se ^iru^ture is* 
*;*'5^ .*■*•/.-- V' '-*rru:r- v^-jr. <i*r|»»frit» in iGe c<-ntrai and ?k>ulh- 

Itj*: jf*-.*.*."*- f^^raa 'jif a *rf.i:iihm'triiern mas^iTe ^re dep^tsit is a 

•*r,** of •,' r:i/*rjtal r'jn*. which are ore Nnlies of an ill defined 
•■ '.* if *r,*j^. ar.d wh:ch widen at placrs int«"» large chambers, 
*-'.^.*'Z, ::,*-* **»:veral hundred feet in diameter. The galena is 
*,^'^^. ;r.v:^»-iaV/Ij found over the zinc and is frequently in a 
•-^-^ '•.'.At -^'ft '-iaj#-y ^angue mixed with broken chert, al- 
•r.o .-^r. .: '^/' jr* ai*^» on ehert and Iimest«»ne. In some mines 
fr.*- 'ti^T.'tg .*' ;- 'romjKttt^.'d entirely t»f original and sec- 
'r'.'jArr '****'rt. with «raall amounts of dolomite or dolomitic 
*.»'id. f.» .irr>e-t*^»f»e l>eing visible in the riKjf. butonlv found in 
ffi*- r/-i ••*-:. ^^r». In other mines the gangue is principally 
i:m*-*t'.r*»- ''r d'»I'»njite and little or no chert is found. Still 
• .rK*-r fl'-if^r^it; notably those of Webb <*ity, are opened under 
ma«*L'#'- r*^4* *'f ^#lid. barren limestone of considerable thick- 
r,0"^. .r.fUr vl^.^•h the ore is found in large chambers, occur- 
ririjf ir; rh^ <'ri»-rr br^^cia and srmietinies in Coal Measure shales. 
U. fK»- -'»'.rh*-a-tern dij^trict. the massive deposits consist of 
!;,r'^*- lrrf*#li#-- /.f I lie '-on n try rock which carrv, in a more or 
!».«« con«'^-fitrated -late, crystals or grains of galena. These 
r. ■'•k* **ontain no rhert. although a cherty limestone appear? 
tM ovarii'* tii*- «tre-^iearing limestone in some places. In some 
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of the mines, the galena is concentrated to u greater or less 
extent in certain strata, while in other deposits there appears 
to be no regularity in the concentration of the ore. As a rule 
there are no well defined limits to the ore body, but the min- 
eral contents of the rock gradual!}' decrease until it is un- 
profitable to work. Only traces of zinc have been found in 
these mines, but iron and copper pyrites are found in limited 
quantities and these contain small amounts of nickel and co- 
balt, which have hitherto been saved. Many small crevices 
are noticed in these mines, but they die out in depth ami 
could consequently have played no part as carriers of ascend- 
ing solutions. Some faulting was noticed in one of the mines 
of this district. Though the ore deposits are fre(|uently in 
proximity to such lines of disturbance, but little ore is found 
on the plane of the main fault and the others were of small 
throw and apparently of slight significance. 

The crevice deposits of this and of the central district are 
totally ditferent in appearance from these massive deposits. 
Thev are often horizontal and consist of a network of small 
channels opening into larger or chimney-shaped bodies. The 
ore occurs usually in a gangue of clay or barite. Some of 
these deposits are of the vertical or vein type and show un- 
mistakable evidences of faulting. These are ((uite narrow and 
are filled with barite and clay in which the galena o<»curs. 
The Virginia mine in Franklin county was followed to a depth 
of 480 feet, but the crevice was only 4 to i\ inches in wiilth. 

There is one other variety of lieposits, found in the central 
district and known as the circle t^'pe. In this the ore body is 
of a rudely conical shape, barren limestone being found on tlu' 
exterior walls, and, in the interior, a circular mass of barn»n or 
nearly barren limestone debris. The galena is found in the 
breccia filling the circular space, attached to the limestone and 
associated with barite and calcite. 

In attempting to account for the origin of these deposits 
the first «|uestion to be disposed of is that of the formation of 
the cavities in which the minerals are found. These caviti<'s 
are of two kinds: 1) vertical or transverse to the strata; 2) 
horizontal or between the strata. 

The various movements of the earth have, as alread}' inti- 
mated, given rise to flexures and faults, generally small in 
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r/»'{f Hi: Titif' fteinur nf tliji^ umphitiif^Htrc wit> i< luifn piir of 
Oi^lfT-H- iriiiwii iiaii ioiweiM»iI anil t'lilif^u fTfim thi- TnoT mti<1 T*iHi»>i. 
Yitir rMVi hud t»eeii fiiTnit*il hv tin- -«olvi>nl Mc«.lim» of w»ih»T nmi 
fci nkhF jtfiim iiail wiiii»iii»d mil. prod i if iiijr »« laT^r* mivirv. fin- 
iiifMTJiir ♦»! i^'h it'll win- iillf^d t»i- di*«f"rih(»d, hy fTHfrniniil^ c»t thi- 
r •••! itiid walk- viiiiih had ♦Hn«onit d<»Taf«hf*cl and fallt*ri i!». Thf 
i^--LH£r ♦'T xIh- uiiiiulaT-H|Miff' tJiiH* Itift bv linif*«T*»nf' dt»hrK and 
xijt dit^MWftiMii III harrii:. ralt»itt and ^lifmn in tht* iiiri»r»<tinpi5: 
«^>ti»«i ^jrvf^ jimt -Hiit'ii a t;m*it d<!]if>r4n ih- iM^vw ai Thi- (•imln^nr 
aii^fr iij Kllkir fomrtr. or "tin- IIi|rl» Pnim \w UlnT^iii pniiiity. 
Tiw- ^<LMWHiiirnift«d ri«y»««rrs of tli<- -Kontlwirm hti* loritif^d bv 
» ]iH^i2i»fi«fmiia]if* iTrttfrrhaiifrf of niiiMTak. iif» ntiviTv ivMtinft 

»3re*(tT ifljttficl. fmwbn* laT|»ti}T of roimtrr rork and r>i dn^^mt 

f«>?2t5>o*ii jjirtidurt* df^rivttd "Chiirt^fToni. ]i ini*T Vw' "roadiK poti 

^eiTiwS Titm fra^H'iit* of ronk. iwrliajH" Iffw; fiohihlr* ihun T-hc* 

r<est, i^enonLiti^ df^aftht^d. would lodirf- in and afmiisrj in ihr lill 

ing of libe ruTdtiffi. The rUr^ and ^uind-Ji wf^rf tmdoiihrodlx 

the prc'idi^rit <»f \ht ininH^n-Bf ^^urlaff <;r(»«)on t.hon in prf^!rrc»«s 

and w-«ie trm.U'fjpO'rtied. Somt <»f tbt* cUt**— such a^ l.hr- T44l)<^% 

«-laj — w^rvt piPfwbiiWT depo«il<id rbt'inicallT. Thr TniT»fT»"h; 

were uiKl<*ubiteid]T<iepf»fiii<*d from ^oluti(»n ^*»m<ainfrf^ hv cht^m- 

ical ioterrinaixifr'^, jii»d "SKmhetime*. bj fmporm.ii^n *nd ci-^no^n- 

tration <*f «G^3iBtk*B«i, It now remains \\> o<yt\<\d<T Xht^ >>onTvo <\i 

the mineral folatioxifi. 

Many thcorits bare been pn^pound^i rt^puxiin^j thr >j<Mnv*<^ 
of the minerals: forming (»tv V*dje<^ So far aT«t lhciB»r» vci'cx \\^ 
the subject under dif<u<:«>ion, ther roar l>e oxprr^^^cd ^^i thni^ 
comprehenfiive hrpothef^e^ : 1, That the nuneraU woiv orij^i 
nallj deposited in a concentrateti condition, t. Thai tht» 
mi iienil« were derived from great depths. :^, That tht^ %\\\\\- 
erals were widely diffusk^d, but were gathoriHi toj^^thov and 
deposited bj lateral secretion. The tirst of those theories in 
sists that the minerals existed in the origiiuil oooauio \v«lcri» 
in a considerable degree of concentration, and were deposited 
directly, or, in the case of disseminated ileposits. by mcinwo 
matie action. It is hard for us to conceive, htnvt»ver, \\\\\\ w\ioh 
circumstances could have obtained. Hesiib'S the fioM \\\{\\ \\\ 
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.nor. N''* '^ ' ^'^ '*^^ -' '"'^•^ *" ■-*-• ' ♦•«- iiu IT ^^«-»-«o« verv 

r*!*--- — r...r^ '.*x-*- ■ rp-i»'!narur -nitr :^'3 jir^^r -:p:.pcn*. irmi 
-r?%^ . .-r ,- --.-i»>.--rr.-tr.-. .-"*i.u».n::^. ii-wn.:**^.^ iatinioniai 

-nf "^f* ..i-^— - ' m ;i '-ni**- ' . •'n.n^ ••- - .»ir ia«*rr^ ..f silver 
p^* -. - r-"'- •:!»- -^.-»'riri..n : -.:ac : - a ne ici^a.iwieiltred 

• *-;^ •,^.:.-^ . ,.rv,-:r n '";»- ^raaiir =: rllri-c^in zi:nt-, where 
-h^ r -., ..^'^-►-♦j .- i'»*Mi»-mnir *:iv^-r t:vi r!i^r»* ^»aitf .if these 

, -J . •- r. ,-r^,.,»ir--ft v' itr-r*i: -^-r^-ti-'n. .as? in .: :u«»re local 
'•»-'••''- * -*- -f.-".'- '. -'fr»p«'-t : ' ::i:i -:r:i»^r i tae «>ther!s 
[■-.. t .;..^..- -It! ':.-r»-'..-*- r * ir -:»r':u- 'i "m-^'- fias been 
.!».' .*-'.-«♦ - ».:-■---. ^nn'-:n^r.:»*r. rr^v'aiaiiier, Bis<«h<)f. 
t-'t • -"- 1 - ..•"I : i:» r-j. *-»--^c;'a .:;i5-. ..*iw**ver. been 

• ." ■ - — ! ■' ..f'.r ^-':% r- A-:... ::arr'-»vtMi ::> ipp.ication to 
*. .• . ' J ' ' " I. ::i'-'iiaC'-:r lajucrat l-»«*.<^. fhe «|iiestir»D 



<tMtatnii*' :Miiti •»»- Tfi « ^whtftftCT -tltf*:i»<iiM4< trmiul hi Tfinir<^n«n niK 

tiuft^ ife«i {|iiiini. ii .» mm an ml \ n crr ^m rry t^ f omiiti thi- ^rrmt iff 
-SEjgiy &•• TSiif .mintediMten iid.i«f*eiii Toofc^ Hud ni Tenmnti :i;r> 
tin^ iutfoiifr ninnn. ^i^iih ii ^wouki in iinprtjwihH ?*> rrrf^vt li^. 
ffcitKitr^r., lie ;h- hi nuim- nttm^ hi^ht} prnbuhh rnai titi iuinfrT«l»* 
^xs$c»«ii:«dirf^iH4fUJ ii.tiH Timk-b. trnm tin inn th«i tiv^ un fmrmi 
in "RiaiiiBatr Tmifc*' hj irrmt*- Teinovf»xl fron) art- rioi»#*«if-> 
TW n{|giiit:i£i;ifiuf: rrT "th i^ ttM»frr\\ hi*Tf»Tolon . Jinwf'Vt»i. tqifHrnn 

^x^«kiasi«mjini ♦i^'ttMlTHfriinfini d-crpf^^ii^ inuuiitr ihf^nTalK ,rtfTh#*»tr 

•vf M ii^w&acri. JirCTHCiiimfCl iirteral -fH*f!Tfmmi «> u ^*rnjMinT\ nuin^. 
^fije p«riiiitir^ ioh^ +Hihip rniifHmTTaXKiii by nfoniiif Pin-rfni**- hi 
ib^ !L>«ir^ffl- SituriKU «fmh. TIih- iiin^ Jioi rovfi TIh pjr>4f t\\ Tlw 

F. «. . <f l*tirr -Ji urffn t^m^ TiiRT "tin dc]***?;^ "^yt* OfTiVfCi M mifriil 

a i^jffijiS*'T!»AL'nr •Kii'iiiiM'T^iifH' duriiu: -frhioii TtH»r-f shn^^ wr^in^ 
leaefeied aoiiS iDbt-ir HHftHliif^frou^ hirrdeii df]»(*siTfd iii iht l^own 

all «"»f Uft*- <it^WBt*. iwr jojt luetabfv. Mort*<AfT\ ih> df^j^osii^ <^f 
■DT iiDp«)»rta2>w MVf foui>d in < oal Mt'«*iurf ri»fk^, ii> ^-t^uld t»r 
expe^f«L 

The hT|K*tfe«d*' i>ere »dTm»ce*d ic nfroum for iht ori4j'iTi -^vf 
these metallifeix^a'p «i(i]Dti<»iiii i*- tbm of roTict-inratmu iIit^mi^^ 
surfa<*e dt<V4iiip(*«di3<*iu Thi> br|f(»Tb<^i* sij*n> ^ irh il-w^ \mss^ 
o^ition that the metak exi«^ oriijiiiiiliT n^ rh<^ Aiv.1h>^^ 
crji^talline rf«rk« either diffu^^ed (^r in vtin>. i>tj t hr tlrj^T^^ia 
tion and dec<*mpr*>itio2a of the*»e nK-k?% ihr wei^Uift^rHmift win 
eral< were partly transferred X<* the Silurian ri^ks^nd if\^m 
these in a like manner transferred to thf rooks wf xht^ l^>wt^r 
Carboniferous stage. Here the surfwcr decon)|v«>UhMK t^\ 
tending through long periods, favored 1i>om1 oonot ntrMfioh of 
the minerals in the mete<»ric water;? «nd thesi\ ix^nrtr^lU)^ 
downward, deposited their load when* ooiulitit>ns wriv fnvo^ 
able. The widespread iK*cnrreni'e of le«d and $\\w \\\ \u\\\\ih^ 
is treated of in a comprehensive way in tht* roport rofrnvd to * 

♦Mo. (i«»ol. Siirv. R#»i»ori on Load nml /.inr. Pi I, p ;u» 



i4MI The AMerifnn ^i'9»oii»»ji:tK vpriLiiMft 

In support of rhi» liypoche«i« a !4«»ri«*!* of analy^af^s of the 
rfM^ki* of the 4tate wa»« undertaken bv the writer to determine 
the pre»enee and amonnt of the metaU in question. In. the 
repnrt referred to the ref»ult.!» of thene analysea jitp i^ven in 
full. a» well rt« the methoci pursued. Herp ic will be j*nrtleienl 
to givp an outline of the resulti*. 

l-eail per-ent. /.\\\c per :exiT 

Ranuy of ^ rtnjily^M of v s|i«^inn**n(« (>.im>|()7 to n.tNMtWi ojH)i::i) in o.oi :tii» 

SrLllfTAIC M.%«?rR»fAN LlWKHTOXF^H. 

Kjin!r»*«»f r3:inalys»»si>frt sp#*riin«»nH Tnwp to o.JNM.l^t Trru'i' ii» o.ol.VW 

r^)WKa < 'AlUII>!fTFKai>r!4 rjY1UTO?l1b«. 

Rnnir*^ of 15 ;inalys«»«« nf T sp#»rinii»ii» Tnwi* to ojii)34«* Tpti«*»' r.i o.<«rir>*» 

Thefte analy!»e« were made with ^eat <rare and after much 
experimentinjSf. While there are not a suttleient number of 
determi nation i« to bai*e miiny <^nerali2ation» upon, they cer- 
tainly alforrl ref^uUn of a very significant nature. Copper, 
man^nene. and barium i^ulphate were also determined, al- 
thoufofh the reflultj* of thefie determinations are nf>t j»iven here. 

The pref»enee of larger amounti^ of these metals in the im- 
pervious r-rystalline rocks certainly points to the conclusion 
that they exi^tpd there originally and wi^re not intp>duced 
9ub<«equently from more ret^nt s^iurcej*. The average eon- 
tent'^ of the iiraeiatone?* are thus 0.«)*>HX)t* % lead and «>.Oi)239^/ 
xinc. which i-^ equivalent to 0.<)«U98 ft) ;». galena and 0.W603 fti?. 
blendp to the cubic frH'>t of rock. This would give — 
*i7M Tons 'ZiiWn^ f»*r jHpian* miln. 1 fnoi rhirk. ^r 
l'»,tiOi"» Tons iTil^nH [iKr 'M(iian' mxW, 'i/^^) f^-t-i r.hirk. hikI 

<i.rt Tons bl*»n«li*' p**r s«juaiv> mil**, I f«)»>i ihirk. np 
H..V>Oron^ hl»*mle |>i»r .s(|iiar»^ mile. .14)0 ff^-r thirk. 

Thus we find, according to our hypothe!*is. which does not 
limit the action of lateral secretion to the immediate wmII 
rock« of the depfn^it. that the metalliferous contents of the 
rockfl are ample t/i supply the ore deposits. 

In support of this hypothesis we have evidence of great ami 
prolonged erosion during different geological periods, as huf 
K»een referred to before. This has occurred in Wisconsin as 
well and ha!< been noticed by all the writers tui the geology of 
that fltate. The hypf>thesisalso accounts for the dolomization 
of the I^iwer Carboniferous limestones, the waters draining 
the r^owf-r Silurian areas carrying in solution <utticient mag- 
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Helium bicarb<mate to effect this. Bet»ides this, the crevice 
dep<r6its. which diminish in size as depth is reached, indicate 
that they were filled from above. Finally, the decay of larfj^e 
•luantities of rock would pive rise to correspond infijly larfje 
bodies c»f ore. thus explaining the association of bulky depos- 
its such as lead and zinc, with the comparatively soluble 
limest'On^'S. 

Coming down to evidences of a more local nature we n(»t4i 
that the large deposits of the southwest occur on the border 
^»f the Coal Measures. On examining the ge<ilogical map of 
the state a tongue of Lower Carboniferous rocks will be no- 
ticed, extending to the eastward. This was probably the site 
of an estuary, thrcuigh which large (|UHntitiesof water derived 
from the central and eastern parts of the area flowed, contain- 
ing the pr^niuctsof decomposition of the magnesian limestones 
of those sections. Thus was the material supplied. During 
the Coal Measure epoch an immense amount of d(»caying or- 
ganic matter supplied the most perfect means for the reduc- 
tion of the mineral in soluticui. The ample drainage con- 
stantly kept up the supply of metalliferous solutions and the 
deposition probably took place rapidly. 

The crevice-shaped cavities were filled by similar solutions 
and were probably deposited in a similar manner by the* aid 
of <irganic matter. 

The disseminated deposits of the southeast are more difficult 
to explain. In general they are found in an open porous 
rcK'k, which is probably one of the chief causes of their for- 
mations. In addition to this, the occurrence (»f more or less 
organic matter in the rock has had some influen<*e, and the 
presence of shale beds has restricted and directed the flow of 
solutions. The crevices frequently' found in these mines have 
been, in all likelihood, the avenues through which the solu- 
tions traveled in reaching the shallower of these deposits. 
This is evidenced by the freijuent occurrence of gah^na in 
them. The deeper deposits of Flat Kiver, however, 
cannot be readily referred to these crevices, on account of 
their narrowing and dying out in depth. There is, however, 
underlying these deposits a bed of sandstone, open, porous, 
and water-bearing, which might be suggested as a solution 
carrier. The water in this bed is under sufficient head to 



fjrvor« ''h*^ ivpf"»fh#»«T'* i.tTr.-in«»Aft. Ir -4 riioiiirtir 'Fiat it •ex- 
plain"* -^Ti-itfinsT '•'■^n«1iri«.n'4 "^^^-rr^-r "han irit*** inr icfi**r. Of 
'•ryiir^^. rh^-r*^ !* niii<*h iniir*:- Mldirionai v.>rs: i*rt*ii«-ti :n rhe 
ri^wt •+nr| in -hi* .;ih«»nrr.rr -.1 *i!nf)lt*mt»nr rnifcr \Tkr* r>fr^a liont-. 

-M^hirii'Ti in«l «i»>rKv^irion »f Mi*-*** irt*s. -n** ■••jia?»«-^ •••'ntrrillinjj 
■if -fimiilHrinsr -Mi*h '.T.^rW. 



OW THE WUD AND SAND DIKES OF THE WHITE 

RIVER MIOCENE. 

Ii'irinif *iip {»a*r :V\r jKar* -itrenriMn tia* -^rt-a 'riilrti bv va- 
rioM* rtMrhi»r* r** th#* ..<»rMitTen«'f* :n \«'niei]r -M-piirACirtt !»x';iiities 
• •f •lik^'j ..r* '»anit'*ri»ne. vrnirh pirrct- !*«*rmany ft-t-r rue rieijriibor- 
iner -Tritii. Tlir* ni'»-t i»r'»n»»n:i.M.ti «i«'firr»-nrt.'' ••t TD*-*^ »iikes was 
ri>p«-»rf»-f| -,y Mr. J. < Tiiii^-r r'r-'in iiorttiern ' liir^rnia < Bull. 
t'rfr,\. <i,4' Am., viii ;. ;>. Ul ». Til** .irtii*:*- ■•"nrain«i :i full ac- 
^-'O'lnf .f rhf* nartir*- ,in«l • •*•*•!! rr^-n<*»- "t' rri*.-!?^ aikt-s und the 
>inrhrtr''» "r.ni^ini^h'n rhar rhey irf- :ntni'ii«'n'i >r" <anil from 
r)*-!«-,\r. lions: -Tai^k?- «l*-r»-rniin«Mi »v v.nirarii»* u."cit»n rp. 487). 
fn 'l*'«/*rihinsr rh** «like'» ii»- -iay*. Thtr «Like* ar»* n»-ariy vertical, 
•^ftW-i'ik*' '.nn'i^t^ of •iHriiL'^rrjnf. varrinir fr«»ni a nitrr*- rilni to S 
f^f't in rhi/'kn*"^"*. ♦ * ♦ Xhr «iikf< rirp parail«^l to the 
Iffint" in rli»r vi^-inity :inu *•» r»-iat»*<l rn rli«-iii a-i Cm indicate 
rrinr rh»* /•inr«- liav*' n»tr b»-fn prodiK-eil bv rtir <iike>. but that 
nn rfi»- ^'onrrary rh«- fM»*itii»n of rh*- »like< lia-i b^-^n lietermiuetl 
bv fli*- ;<^»irir-." 

Kr»ni r'l" <'r'i>:ip:inry of prtf^xi'-tinir j'urit- by the dikes anti 
rr'>ni rli^' po^jrinn of rli*^ mira irrain^ in ruirn»«M».»pio section? 
of rli»' ->ind'-r«»n*' Mr. r)i;ler n*aohes tlie ab««vi- «- rated eonclu- 
-"iori. r]\'.it t\\f' «lik«'^ an- intrusions fn>ni l»elow. To account 
fo- rf^i^ intru-iion lit- i^all* attention t»» the fa<*t that below » 
''♦•rfain i*'Vei the materials of the earth's cni<t are saturated 
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irrcti wiitn*r, thii- ^ater may bo nndrr hTcirt>«t»h(' prf*««urf and 
ctfTtuiutv 1- inuier that of the cvvcrtviiiir Rtnit44. no it* anv crack 
!« (i}H;uf»c] fmn\ abovf to a satnrat^il layer of iff^fn- ishtkI thr 
waxer will Tusii iif» and earn' Mith ii tht- «iaTi<i. Tht <auh^f 
CfDfnii huTil«nin$r of thi?* saud will produce the MindfttATic dike*-, 
lu f*vid«iict^ of thf v<iJcanic origin of tht- cracks acciipicil by 
^b^ 4«iud«tont:. tki author of thf paper C4iU> atr4^ntioti to thf 
pftralieihsni of tli«- dikes a- illustrated in ti|r. l!, p. 4 Hi of hts 
iirtif!!*^ ( op cii.^ 

l-Ktt5T. aiiarticit' appearetl hy Prof. Hohi. Hay on thr •*S«nd- 
•l:»iit IHkf^of Northwesterii ^ichraskn' (Hull. (^eol. Soc. Ant.. 
Ti*\. Til. ]i. »M K Tht- dikes hen* de«crit>ed arr ^imiiiir to tho<Ke 
<it;t*frr!l[M*d hy l>ilier but an- fewer iii number, oiily tM-n beinfr 
ii>i.ed. ThcT art' ill tlii^ Ticinit^ of ( hadrou. Nrbra^kii, ami 
pit-rrt- zUv cluys of th<- ««»-t5all«d Pin< Rid^i*. Vrof, Hay r** 
gurd+J th«in as intrusivf- froDi below, a^ will b<- seen from thf 
fcllowiug: (piotatioii from his artiflr : ''It ( th< main iHk<') 
dc»e* ii<a on eitiier «idi' reach th<- t<»p of thi rnvim. and n hhifl 
«»f much Renter elevation u few hundred feet away ishows nf» 
<2|ni (»f it*- pre44encf;. *o it may Ih- deftnitely refr>»tded as hav- 
ing bften formed i»efore tiie completion of th< si>ft cla>i< and 
marl*. * * (hie of tin- eviden<»es of intriH^ive charact-er lies 
in the structure of tlie laminated sheets on either -side of t4ie 
dike. In ti>e«e the lamina^ farthest from the dikr are more 
argiliaceou* than ii»«ide and tlie inside lamina* are decidedly 
grooTed, with vertical ridfres. and frrooves tf> eorrespond on 
the «ide«s of the wall itself." 

Prc»f. Hay doc?* not attem])t to ex])lain the orifriti of thct»e 
dike^ but «u^ef»t* that 'these dikes may be related to the 
phenomena of mud volcanf»es, as they were certainly intruded 
from below, and tbej may he expressive of the closing: period 
of the Black Hill* uplift." He also speaks of the existence of 
other dikes in the **bad lands" of South Dakota. It is the aim 
of this article to describe these dikes and show how they dif 
fer from thos^e already described and j>ossib]y thri>w !«ome 
light upon the formation of sandstt^ne dikes in f^t^noral. 

The *'bad land*" or White River Miocene ivfjion of South 
Dakota is the seat of the eroded remnants of a vast laottPtiine 
deposit of lower Miocene or Oligocene aj2:e. The entire thiek- 
ness, according to Hatcher (Am. Nat., March 1SU*^» p. *21N^, i«* 
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i« >hf»wn bv the pt-rftTt fu'«ii«»n «»f \ht- v^in* *A oh*l<N^i«^ny in 
^r»»s*ing each f»t her. Tht-v were f-"Tn3«i *1I ill \\\k >jin>e time 
in rmrk* irhirh cros*^ each ««iher. 

Hat<*her (Am. Nut., March. ivmS. pp., i«»>. i«n» i *j*\s<^f thr^ 
vein*: •Od first th<»ufirht the writer ma> incjined l-^ aurihufe 
their ftrigin to mud cnirk>, anr |ft3irtieii]ar n\cii»n mht^n- they 
now <»ccur haViDg l«een f<»r >h<»ri pt-ri««t!<. tlurin^j M^a^»n*^ of 
I«»w water. alK»ve the wate-r It-veJ. and *:ibj«-ol<-t! to x\w aefion 
of the atmc»<phere and the htrat «>f the >iin lv>eam<» Kak<d and 
craeked; just as we now sf» often see at low wal«*r alon^ the 
mud flats of our streams and lakes. Hut it is ohvious that if 
these veins owe their orijrin to mud cracks they would l>e 
filled, not mith chalcedonr. hut with the sani<- materiaU a% 
the overlying beds: for when the water* again co\en»tl thi* 
region, the mud cracks would immetiiately Ih^ tilltMi with the 
same materials that now compose the overlying IhhIs.*' Thi» 
objection to the mud cracks, it seems to me. will hanlly hold. 
as it is evident, in manv casi*s at least, that the* cracki» \%<>re 
immediately filled hj^ the intrusion of upward moving itaiid 
and water. 

Further, Hatcher says i loc. cit. p. itKM : "It hn»i *iner oe. 
curred to the writer that these cracks were not made while 
the particular strata in which they now appear <N*eupied the 
immediate bottom of the lake, hut after the overlying hodn 
were deposited. The extreme fineness of tin* pHrti(*lf*s form- 
ing the clays of the Titanotherium hed^ m thowe plaeeH where 
these veins occur is evidence that the elav»* wrriMleponited l»v 
a slow process of sedimentation in still wa((*ri«. The* bottom 
of a lake where such materials were Iwing laid down would 
consist for several feet of a very thin mud or ooy.i*. Thin 
would gradually become firmer toward the bott<»ni n«« di'p«»«*i- 
tion continued, but would still meehanieally retain a eoncld- 
erable per cent, of water. Later, when the eiilin* overlying 
series of strata were deposited and tlu* regi(»ti brcMiglit pernia« 
nently above the water level, thin inipriKotiect water would 
gradually disappear by filtration or otherwine, aided perhapN 
by the pressure of the superineuinbeiit bi'd-. TliiH Iomm of 
moisture in the clays would diminish their volume an<l bring 
about a readjustment of the partieIeK eonipo«ing them. The 
decrease in volume would be taken up in two wayn: Firnt, a" 
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K" .:!i * i" "■• if^iri''7 •-:' pr-^x:-rin:r l"int» b^ ch»^ dikrs anil 
r^'>rii ''I.' ff.'^xU'tVx '.f rr.** mira zmi.i?' in mi*'r« .»'**••> pie >ecti«>n> 
f,f "it- *'%'.st\*^»tT\f Mr. r>i..*rr rf'5i«*hr'» th*? :ib*»v«r -inited eonrlii- 
#1..', f'.if ff.«' 'itk*'-* ;«r'- inrru-i'in-i from bel«»wr. T»» aocMunl 
ff.f fli,< irtrru-iofi litr cali- nft^'ntion t4i the faet that bel«»w a 
^wrhHfi .«'V/rl rji*' rriJitfrriaU of the earth** cnist are saturated 
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with water, this water may be under hydrostatic pressure and 
certainly is under that of the overlying strata, so if any crack 
is opened from above to a saturated layer of loose sand the 
water will rush up and carry with it the sand. The subse- 
quent hardening of this sand will produce the sandstone dikes. 
In evidence of the volcanic origin of the cracks occupied by 
the sandstone, the author of the paper calls attention to the 
parallelism of the dikes as illustrated in fig. 2, p. 418 of his 
article (op. cit.). 

Later, an article appeared by Prof. Robt. Hay on the **Sand- 
stone Dikes of Northwestern Nebraska'' (Bull. Geol. Soc. Am., 
vol. Ill, p. 50). The dikes here described are similar to those 
described by Diller but are fewer in number, only two being 
noted. They are in the vicinity of Chadron, Nebraska, and 
pierce the clays of the so-called Pine Ridge. Prof. Hay re- 
gards them as intrusive from below, as will be seen from the 
following quotation from his article: "It (the main dike) 
does not on either side reach the top of the ravine, and a bluff 
of much greater elevation a few hundred feet away shows no 
sign of its presence, so it may be definitely regarded as hav- 
ing been formed before the completion of the soft clays and 
marls. * * One of the evidences of intrusive character lies 
in the structure of the laminated sheets on either side of the 
dike. In these the laminae farthest from the dike are more 
argillaceous than inside and the inside laminte are decidedly 
grooved, with vertical ridges, and grooves to correspond on 
the sides of the wall itself." 

Prof, Hay does not attempt to explain the origin of these 
dikes but suggests that **these dikes may be related to the 
phenomena of mud volcanoes, as they were certainly intruded 
from below, and they may be expressive of the closing period 
of the Black Hills uplift.'' He alsi> speaks of the existence of 
other dikes in the "bad lands" of South Dakota. It is the aim 
of this article to describe these dikes and show how they dif- 
fer from those already described and possibly throw some 
light upon the formation of sandstone dikes in general. 

The "bad land" or White River Miocene region of South 
Dakota is the seat of the eroded remnants of a vast lacustrine 
deposit of lower Miocene or Oligocene age. The entire thick- 
ness, according to Hatcher (Am. Nat., March 1893, p. 21S), is 
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is jihown by the perfect fusicm <»f the veins of ehalcedony in 
crf>ssing each other. They were formed all nt the same time 
in crack? which crossed each <»ther. 

Hatcher ( Am. Nat., March, 1S93, pp.. lH)8, 209) says of these 
veins: 'On first thought the writer was iiioiined to attribute 
their origin to mud cracks, any jmrticular region where they 
no«- <»ccur having been for short periods, during seasons of 
low water, above the watvr level, and subjected to the action 
of the atmosphere and the heat of the sun became baked and 
cracked; just as we now so often see at low water along the 
mud flats of our streams and lakes. Hut it is obvious that if 
these veins owe their origin to mud cracks they would be 
finf<l, not with chalcedony, but with the same materials as 
the overlying beds; for when the waters again covered this 
region, the mud cracks would immediately be filled with the 
same materials that now compose the overlying beds.'' This 
objection to the mud cracks, it seems to me, will hardly hold, 
as it is evident, in many cases at least, that the cracks w<»re 
immediat4.'ly filled b/ the intrusion of upward moving sand 
and water. 

Further, Hatcher says ( loc. cit. p. 209): **lt has since oc- 
curred to the writer that these cracks were nc»t macie while 
the particular strata in which they now appear occupied the 
immediate bottom of the lake, but after the overlying beds 
were deposited. The extreme fineness of the particles f4)rm- 
ing the clays of the Titanotherium beds in those places where 
these veins occur is evidence that the clays were deposited by 
a slow process of sedimentation in still waters. The bottom 
of a lake where such materials were being laid down would 
consist for several feet of a verv thin nuul or ooze. This 
would gradually become firmer toward the bottom as deposi- 
tion continued, but would still mechanically retain a <M)nsi(U 
erable per cent, of water. Later, when the entire overlying 
series of strata were deposited and the regitui brought perma- 
nently above the water level, this imprisoned water would 
gradually disappear by filtration or otherwise, aided perhaps 
by the pressure of the superincumbent beds. This loss of 
moisture in the clays would diminish their volume and bring 
about a readjustment of the particles composing them. The 
decrease in volume would be taken up in two ways: First, as 
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in the case of mud cracks, the particlcB would tend to collect 
about certain centers in the beds, and these centers of adhe- 
sion would increase laterally by the attruction of adjacent par- 
ticles until cracks of varying thickness would form between 
the peripheries of adjacent centers of adhesion. The pressure 
of the overl^-ing beds would determine the vertical direction 
of these cracks, and would afford the means for the second 
way, l)y which the decrease in the volume of the cla^^s would 
be taken up, viz., by a decrease in the vertical thickness of 
the beds. These cracks thus formed far beneath the surface 
were afterwards filled by chalcedony dissolved out of the over- 
lying beds by heated waters percolating through them." This 
explanation would account most perfectly for the veins which 
cut the strata of the clays in a line oblique to their planes 
of deposition and also the gathering of the veins together in 
common centers, causing the regions to resemble, as mentioned 
by Hatcher, huge septaria. 

Conclusions: The dikes of mud and sand occupy pre-exist- 
ent cracks which were filled by intrusions from below of wa- 
t4.*r and suspended material. The water was forced into the 
cracks from porous layers either by^ hydrostatic pressure or 
that of the superincumbent strata, probably both combined. 
The cracks are not the results of earth movements. They 
are in all probability both mud cracks and cracks formed by 
segregation of the clays around local centers. 

The veins of chalcedony were formed by the entrance into 
cracks of similar origin as those containing the dikes, of sili- 
cated waters. The cracks were already filled more or less 
completely with wat-er and sand. The thinning out of the 
seams from above downward indicates that the silicated wa- 
ters filten.'d in from above. 



EDITORIAL COMMENT. 



Skcilak CiiANciKs OF Aiu^ric Climate. 

The astronomic theory of the causes of the Ice age, as ad- 
vocated l)y Ooll, (ieikie, and Kali, is examined by Mr. E. P. 
Culverwell in the fivitlonicaf Mat/nzfHc for January- and Veh- 
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ruarj. Like Woeikof and otherp, he finds this tlieory insuf- 
ficient to account for the climatic conditions of the Glacial 
period and the accumulation of its continent^il ice-sheets. 

This conclusion, however, seems not to be inc(»nsistent with 
the view presented in the last number of the Ameuk^an Gkol- 
0G18T (page 201), that the Kansan and lowan stages of ex- 
tended growth of the North American ice-shec^t, with the 
intervening considerable retreat c)f the ice border in the 
upper part of the Mississippi basin, were due to the last two 
cycles in the precession of the equinoxes, bringing the winters 
of the northern hemisphere in aphelion. Dr. G. F. Becker's 
recent investigation of astronomic conditions favorable to 
glaciation lead him to conclude, altogether differentl}^ from 
the three British scientists first mentioned, that low eccen- 
tricity of the earth's orbit and high obliquity of the ecliptic 
are likely to promote snow and ice accumulation in high lati- 
tudes and mountain districts.* He thinks also that geographic 
conditions, as high land elevation and changes of marine 
currents, conduced toward the causation of the Glacial period. 
Granting that the Pleistocene ice-sheets were formed, as Dr. 
Becker indicates, by such concurrent geographic and astro- 
nomic conditions within the past 50,000 years, continuing 
until some 8,000 years ago, it seems to me highl}^ probable 
that even the small present eccentricity (O.OIOS) was adequate 
to cause the interglacial recession of the ice-sheet in the in- 
terior portion of our continent between the Kansan and lowan 
glacial stages, of which we have abundant evidence in buried 
forests, peat, and other fossiliferous beds enclosed between 
deposits of till in Ohio and the other states west and north- 
west to Minnesota. When we compare even this small ratio 
of eccentricity w^ith the great range from the earth's mean 
surface temperature, produced entirely by the sun's heat, t<» 
the absolute zero, which Dewar finds to be — 161" Fahrenheitf 
(this being the temperature, or rather the total absence of 
heat, in the interstellar spaces and upon the earth if its sup- 
ply from the sun should cease), we ma}' believe that so slight 
climatic effects as might result from the present eccentricity, 
in connection with equinoctial precession and nutation, could 

*Am. .lour, Sci., Ill, vol xiaih, pp. iKVll.*], Au^.. I8!)4. 
fMcCUire's Maj?aziiH\ vol. in. pp. .m7-.")0*>, Nov., ISIM. 
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Instead of reptrding this hvixitlK-si* as |K»s«il>ly a<*<'i-|>talil«», 
the present writer sees an ap|>arently crucial and in«ii|K'rable 
objection to it in the great and sudden rhangi's of rliniate 
which we know to have taken phice in Arflic region*^ within 
the Pleistocene perio<l. It has been generally hc»ld. and no 
doubt rightly, that the oncoming (»f the Cvlacial |M'ri<Ml whs 
quite gradual and slow, and that it*> termination, with the 
melting away of the ice-sheets during th<* rhampliiin i'p(N*h. 
was geologically very sudden. Thi- would iH-rha|>«» ii<MM»r<l 
with (^ulverwelTs suggestion «»f slow l«i<*« of thfi'iirth'** fitnio«i. 
phere while the ice-sheets wen* iN'ing ama^^Mul. imd with "uil- 
den increase of the atmosphere bringing the Irv ngr- to tt« <*nfl. 
Better, however, as I think, thes** wonderful <*limati«' n'«»iilt* 
can l>e shown to have defX'nd<*<l on great I'peirogiMii** ufiliffM 
of the land areas which became glaciated, and on the depre«. 
sion of these areas in the rhamplain epoeh. giving iigiiiii ii 
genial climate and melting away the ice. The ob«er\ff(ton« 
which appear fatal to ('ulverwelTs explanation, but not iiieon- 
sistent with my epeirogenie theory, are tho«ie of hall in 
Alaska and of Baron Toll in the New Siberia i«land««. After 
a stage of glaciation in each of these region*, there wupervened 
a temperate climate, mostly m«*ltingaway Ih** iee-fcheetn ; veg. 
etation flourished «»n the itrift whieh bad b«reti englaelnl find 
finally became superglacial ; and herd« of ninniniotlin and 
other large animals pastured on the shrub** and herbage. 
Then ntuUlenly came a much eolder elimate. after tlieeiiJniina- 
tion of the Ice age, under which the manimothM were over- 
whelmed and became extinet: but their fro/en iMHlien. un- 
thawed to the present day. are cH'efii»ionally washed out of 
alluvial river banks. It is the muhlen rhnntjp frmn wHtl i*nu- 
ditions to thone of nevfrr rohi which the atnH»<(pherie theory 
cannot account for, and it may be confensed that we uhould 
not expect such a change to result even from any eonibi na- 
tion of epeirogenie movement**, variations in volume and di- 
rection of sea currents, change** in prevailing eour«e>*of wincN, 
exceptional storms, etc.: but the latter class of eau»«eH iH un- 
doubtedly the mr»re probable, and th<; very d«.'ep fjord** and 
continuations of river vallev*: beneath the ^ea tell unnii**taka- 
^ly ^>f great elevation of the glaciatecl lands ininn-d lately 
preceding the Ice age. 
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cause important fluctuations of the ice-sheets in both Ameri- 
ca and Europe. 

Finding CrolPs theory unsound, Mr. (.'ulverwell advances 
one of his own, which is stated as follows: 

Is it |K)ssibN' that ther<» may iiavc b(M'n any considi^rablc interchanjr«»s 
<»f atmosphere brlweoii the earth and the regions of space through which 
it has passrd? It is certain that then? must have been some such inti»r- 
chan^e. Wh<*lher the atmospheric pressure is increasin*? or diminish- 
ing dejM'nds on whether, in the course of the earth's motion throng"]! 
space, more of the interstelhir molecuh'S get entangled in tlie earth'sat- 
mosphere tlian, leaving that atmosphere, get entangh-d in the interstel- 
lar gases through which the earth hapiHMis to be jiassing, and nre thus 
dragged away from the earth. If once we were allowed to assume the 
magnitude of these changes, the whole difficulty of explaining (ilacial 
or genial ages, so far as temp*.*rature changes are concerned, would van- 
ish. For instance, if due to some gaseous conditions of space, or |M^r- 
hai)S to the absorption into the atmosphere of the gaseous com|)onenls 
of meteorites or sh<K)ting stars, there be an addition to the atmospheric 
pressure of one millimetre in three centuries, and if this process has 
been ccmtinued for 20,(XX) or 2.5,000 years, then it follows that some 2.>.- 
(XK) years ago the atm(»spheric pressure would have been less by about 
t)ne-lenth part than it is at present. This would bi' equivalent to rais- 
ing land and sea by about 2,500 feet, for the blanketing effect of the de- 
creased atmosphere would be about the same as that which now lies 
above a mountain 2,.i00 feet high. Thus a (Jlacial eiK>ch might l>e 
]»roduced iritlKud ant/ (iHcrntum in the (jeoyrapfdcal rofidifiouft. And if. on 
theothrr hand, either through thi' earth plunging into a more gaseated 
region (»f space, or through some catastrophe, the atmospheric pressure 
were to be much increased, the resulting increase of temjHjrature might 
be vrry great, and a genial age might be the result— a riseof 50°F. might 

readily be got If two bodies flying about in space come into 

collision they may generate a mass of gas. and if this mass of gas haj)- 
|M'ns to get in the earth's path it may be cauuht up. Indeed, if we as- 
sume that the earth's atmosphere maintained a strict ecpiilibrium with 
the int<'rstolIar molecules at. say, a distance of l.OOC) miles from the 
earth's surface, then a doubling of the almost infinitesimal i)ressure there 
would n<'cessitate a doubling of the pre.ssure at thr earth's surfac»'. Of 
course this supfKisition is only used for the purpt>se of illustrating the 
fact that a small alteration of interstellar pressure, if si)read over a suf- 
ficiently vast space, might eventually give rise to a considerable change 

ill the aimos])hen' tin* i>r(»blem of atmosph(»ric interchanges is so 

complicated that I may at all evcMits hope to enjoy my hypothesis for a 
considerable time before anvone succer'ds in givinir ii h reallv decisive 
nviTlhrow. lis great advantage as a theory of the (Jlacial ei»och is. 
that it does not re(|uire ge<>graphical changes such as are usually im>sIu- 
lated in connection with all other theories, even the .Astronomical one.* 

*(teol. Magazine, IV, vol. ii, i>p. ()4, ().'), Fel)., ISl)."). 
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Instead of regarding this hypotliesis as possibly acceptable, 
the present writer sees an apparently crucial and insuperable 
objection to it in the great and sudden changes of climate 
which we know to have taken place in Arctic regions within 
the Pleistocene period. It has been generally held, and no 
doubt rightly, that the oncoming of the Glacial period was 
quite gradual and slow, and that its termination, with the 
melting away of the ice-sheets during the Champlain epoch, 
was geologically ver}' sudden. This would perhaps accord 
with CulverwelFs suggestion of slow loss of the earth's atmos- 
phere while the ice-sheets were being amassed, and with sud- 
den increase of the atmosphere bringing the Ice age to its end. 
Better, however, as I think, these wonderful climatic results 
can be shown to have depended on great epeirogenic uplifts 
of the land areas which became glaciated, and on the depres- 
sion (»f these areas in the (*hamplain epoch, giving again a 
genial climate and melting away the ice. The observations 
which appear fatal to CulverwelTs explanation, but not incon- 
sistent with my epeirogenic theor}', are those of Dall in 
Alaska and of Baron Toll in the New Siberia islands. After 
a stage of glaciation in each of these regions, there supervened 
a temperate climate, mostly melting away the ice-sheets; veg- 
etation flourished on the drift which had been englacial and 
finally became superglacial ; and herds of mammoths and 
other large animals pastured on the shrubs and herbage. 
Then Hnddenly came a much c(»lder climate, after the culmina- 
tion of the Ice age, under which the mammoths were over- 
whelmed and became extinct; but their frozen bodies, un- 
thawed to the present day, are occasionally washed out of 
alluvial river banks. It is the sudden change from mifd con- 
ditions to those of severe rotd which the atmospheric theor}' 
cannot account for, and it may be confessed that we should 
not expect such a change to result even from any ccunbina- 
tion of epeirogenic movements, variations in volume and di- 
rection of sea currents, changes in prevailing courses of winds, 
exceptional storms, etc.; but the latter class of causes is un- 
doubtedly the more probable, and the very deep fjords and 
continuations of river valleys beneath the sea tell unmistaka- 
bly of great elevation of the glaciated lands immediately 
preceding the Ice age. 
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'.V.riu.tir frr^-mprinrr -,. jf.iVr- "Ur- ;>iiz7:-. t- nar »n:y iiiil 
"h** -*•;>*• »n r'nr "i'.i- »«**»•— n«n 'liar "ii*- .1— i»)*»>r"rt^i 'M*nenrri zti*t 
'Irfr 4n«! .iianinir»rii *»Tnain.* nr On:!, mil ir -irtie!^ r>«*fiir»f 
.lim. in 'ii*- -M«tri^ if R.w-n.'a**r..nrz lar in Aia^-ka,* lad hj 
ftur.in Till! in Lrriifiinrf !«ianii «f'hfr- N**^ Sihtrra irr'^mp.* i:* 
/(n** rt» rh*- :«#*r*:jmiilari<in if •i»*v»* '•nnw^jiQii *tie»r •rt»nsoiidarioii 
inr«> if'«*. r<fcrh#?r rhan tm 'Iik fret-zinir if -liailow !ak*f?a -'r indl- 
rrarinjr ••Mrfa*?** vrafKr^. :i* Rii****-:!. Onil. inii Hofrorrii hav»? 
'»Mpp*i«»-r|. Rii'^*ril'- t-^cplananMn- may pn»bahiy h«» rr^jt; for 
many parr^ -if rh«* riinflra?* if Alaska and Siberia: bat in the 
^^ro .«>#»aiir;#*^ nor»*fi, ^srt^•*rf• rinnniianr nniniai remains* «M«i»ur in 
fh»' firifr ;iiv»v«' rbp :»•»*. rh** -•tricTiir** *\i rh»r i«*ir itj»eif pn^ves 
if rr» h** rt*ninantj* *»f ancient Ir:*-«*hefr.'*. 

Th#* r*r'i«**ar''h#^'* 'if «rnMi, K^^-k**. F'»r»fi. und f>tht*r«. have 
*h'iwn rhar nil s?!»«'ier i«n? pr»*^rrv*-^ che granular <tnieture 
whi*'h ha-* it"* h*>5ip nn int^ in the ••hani^ ^^f the ner#» from snow 
r/f i^**. r^ke i^e, <^xi the «>ther hand. ha» a prisma tie or co- 
in mn>fr '*rr»ictiir*-. Th** j?!a«'i»*r srran'ile?*. varjinir in ^^iz^ and 
/>^'-a*ional!y **■> larfi^ ai» from one to two or three inches in di- 
amef/'r. arr irrej^ilar or without parallelism in the directions 
of their ^•ry'*talline axe*: but the pri?m< of lake ice are 
perp«^nrri^»iiar K* th»=- freezing ?aurface. trlacitrr ice in the pro- 
cf,*^ of m'-ifins^ reveal* ir«i jjp-anular condition, and thi? is dis- 
t\uft\v nfftj'tl br ft^tth I>all and Toll. 

# 

Wntlnii f*f the ice-rlitfH of E.-^-h^fcholtz bar in northwestern 
,\\H*ks9. flail r^'mark**: 

Th'- If'*' III •j*'n*TH\ lia*I a rM-mi-^tralifi»Mi Aiifi»';iranc»*. a* if it >\i\\ rp- 
fjiiiM r| rh*- li'in/irriral plan*- in whirh it ••ri:rinjilly r>miri*ml»Hl. The snr- 
(n*'f WH^ «ilvir;i\<4 *wiil«-rl b\ ilirt\ wai*T fn^m liir ♦•arili abuvt*. This dirt 
wa^. how*". ♦T, m»*r»'lv ^iifi«Tfi«*ial. Th^- «»ut»-r inch or two uf the ic«* 
*»«"rn"«l :rr,iriiilar. lik** r'onnf»ar?v<l haii. and was '«i«»ni»*liin»*s whitish. 

On fh^r St'W Si^>eria inlands, about 1,4<Xj miles west-north- 
wfHt from the* Alaskan ice-ditfs, the same structure is noted 
( \ffhfrr, .fan. JH, 1805) : 

TIh- r\ii*t j.'«'"loirK'al r»'Siilt in ih«- vnlinir«»f th** r»Nil {positions of ihc 
hiv*TH whirh rontaiii n'hc'N of fh»* mammoth. They an* inuloubtedly 
r«»«*f-i»Uiri>il. SIS lh»'\ oM-rlir fh«' ma>s»'sof iiiid<'rs;ri>iiiid ico which form 



».\ni .lour Sri., Ml. vol. xxi, pf.. HM-11I. Fvh.. 18.S1: V. S. (;«»oI. Sur- 
\iv. liiillriiii SI. \Hirl, |»|>. •ir,<i--i<w. Momimrt' i-ommt-iits by N. H. AViii- 
» Ih'II. Ami .lour. Sri.. Ml. vol. .xxi. pi». :i'iH'l)iMK May. ISSl.*) 

Mm'oI MHL'>i/.iri»'. III. vol, X. pp. 107-11 1, March. 1H!»3: Nature. vol.Li. 

p. :y:]. .hm. :n. iHii:». 
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lht»chi<'f nK*k of tlu* jrn'Ut Lyakl^>ir Islainl. and whicli. as Uanui Tt»ll*s 
observations now prove, are n'mains of ihe irn'at ioe-slieei wljieli f(»r- 
merlv covered both the islands and the mainland, and whose moraines 
have now been discovered on th«' mainhind. Mt>n*over. these ice masses 
hav#» the typical granulated slruclnn' of the jrlaeiiT ice. \vhi<*h proves 
that they have originated from the snow-eover, and could not have 
orij^inated from any sort of runnin*; water. As to the Post-< jiacial lay- 
<*rs which overlie the ab<»ve, tliey contain. t>esi<les shells <»f CifcUm and 
Vafrata and well-preserved insects, full trees of Afttnfifrnti'''*f»i, willows. 
and birch, fifteen feet high, and lK*arinjr jM'rfectly well-preserved leaves 
and cones. The northern limit of tree v«*jreiaiion thus spri'ud during 
the Mammoth |>erio<l full three decrees of latitude hijrher than it sjiroads 
now, I*, r.. up to the T4th degree, and tin* mammoths and rhinoceroses of 
the time lived u|H)n the patches of mt>adow clothed with the above 
bushes. It i» worthy of note, that the masses of undergrt>und ice are 
not found in the lower parts of the Arctic coast which are known to 
liave l>een co\ered by the Post- Pliocene .s«»a. and that they only occur 
where the land ris<»s a few hundr(*d feet al>ov«* the present level of the 
.s«.'a — that is, alcove the level of the P<ist-Pliocen«» ocean. w. r. 



REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



Manual of Oeohf/g, trrafing of the pnuriphM of the Jtrienre irith tt/teriai ref- 
ertncf to American geotoffiral hintory. \\\ .I.\mks 1). Dana. 1087 pag<?s; 
15T5 flgun*s in the text: and two double-i>ajre maps. Fourth Edition. 
< American Ii<K)k Co.. 1895.) The first edition of this Manual was 
brought out in 18G2. the second in 1874. and the third in 188<). After 
having been t)efore the public a third of a century, and aft<»r its author 
has been engaged in geology and zoology during si.vty years, the Manual 
in the present edition includes frecpient illustrations and examples (as 
on pages 206, 280, etc.) t)f geological processes and principles from the 
author's observations during all these years, in which he has seen the 
science vastly expanded and the ge<»logic exph)ralion of North America 
and all other parts of the world carried forward until now few large dis- 
tricts remain entindy unknown as to the history recorded in their rock 
formations. 

Professor l)ana*s studies of coral islands and of volcanoes during his 
voyage in the AVilkes Exploring ExiM*dition. in 1838 to \M'Z. and in his 
visit to the Hawaiian islands again, in 1887. have given a special value 
to his discussion of these subjects: and his doctrine of the gradual 
growth of North America as a ty|)ical continent, first announced in 
1840, has well stood the test of a half century of rapidly ]>rogresslng in- 
vestigation and theories. Throughout Ihe volume, as in Lyell's works, 
A prominent and stimulating feature is the brief reft^riMice to discover- 
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ifs and aiitliors. with (]at«'>. markiiitr staffs of iiot«* worth v cxteiiskioii of 
lh«* sciencv* ami ♦•stablislimt'iit of its chinf principles. For each of the 
frreat eras and fMrriiMls. the authorship and date of first ii8*; of their 
pres#»nt names, with their synonvm\ . are noted, affording useful clues 
for the student in enierinir any s|N*(*ial Mu<lies of stratijrraphy or jiale- 
i>n(oio^\. 

The irrantl divisions of the volume, and the <»nleri»f their considera- 
tion, are physi(»}rraphir, structural, dynamical, and historical ir«M>loi:\ . 
In the pr<»face I*nif. Dana sjins: **As the n*writt*'n Ixiok shows, n«'w 
principles, new theories, and widely <li\ers«' opinions on various sub- 
jects are amont; the later contributions, alon:; with a profusion of new 
fads relating' to all <lepariments ijf the science. The Cambrian forma- 
tion has be4*n traced throuifh a larife part of the continent, an<l tb«* 
numb«^r of its fi>ssils has Ikm-ii increas«'<l. chieHy by i.\ I). AValc<»tt, fnun 
a f*'W t4» hundreds. The Appala<*hian Mountain structure has been 
sh4»wn by riarence Kinjr, Dr. H. M, F)awson, and K. (1. McConnell, t«) 
have lx»en re|i<*ated in ihi* irreat jiost-Crftaceous mountain-makinir of 
the UiK.*ky Mountain n'^ion. The Reptiles. Hirds. and Mammals of the 
Mesozoic and Tertiary have continued coming' from I lie r»icks until the 
S|H*cies reco^rnlzed much outnumber those of any <»ther continent. Tht» 
canons and olher n*sults «if erosion in the west have thr«»wn new liirht. 
tbroujjrh llieir investi^iators, on the work of the waters. Ii4*sides. the 
science of iM*trolojry has elucidated much of the obscun* in theconsiitn- 
tion, relations, and orljjin of nx'ks." 

It was not to !>«• exiM'Cted that this summary of Xtirth American ;reol- 
otfy. by one who has held so prominent a part in its<levelopmenl. wouhl 
acconl with the views of oth<T promin«'nt jreolo^ists in all details, or 
even in some im|K>rtant correlations and opinions concerning; the origin 
of debated formations. Takinjr two or threi* of the author's interpr«*la- 
tions, where they differ from those held by others who have done much 
flehl work on the formations under consideration, we may note the r«*f- 
erence of the Keweenawan series ti>the Middle «>r Lower Cambrian, in- 
steail of the Al^ronkian system, which lalt«'r is not accepted for its 
pro|H»setl place between the Cambrian and Arcluean: the assignment t>f 
the Lafayette formation to the Pleistocene ]H'riml. and to freshwater 
dei»osition by HiHKled rivers, instead t)f the Pliocene ajrc and marine 
ori^nn which have been much claimed for it: and the opinion that lake 
Ajrassiz, in the basin of the Ued river of the North and of the »;reat 
Manit<»ba lakes, was due to a land barrier on the north, as was thought 
by <ien. (i. K. Warren, instead <»f to the ret real ini? ice-sheet, as was 
suirp'sted in \HV1 by Prof. \. H. Winchell. This lake was the largest 
one of many due in rommtui either to land or ice barriers. Professor 
Dana thinks that the fullness of the Champlain subsidence, al the end 
of the (flacial ]M'rit>:l, was attained after, not before, the time of lake 
A^'HSsi/. and afler the expanded Late (Jlacial repn'sentalives (»f the 
^reat lakes tributary to the St. Lawrence. Th«»uj|rli the reviewer can- 
not aL'ree with this opinion, it is most heartily welcomed as an imix»r- 
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laiit conlribulion lo the pn»sonl active invfstipitions by many workers 
in this field of our Quaternary lacustrine ^eolo/jy. 

The whole volume is a rich thesaurus of the principles and methods 
of obs«*rva1ion and reasi>nin^, and includes also a vast multitude of t)ie 
details, of this science in its varied branches treatinj< of the formation 
and metamorphism of rocks, physiojrraphy. orogeny and epeirogeny, 
biologic evolution, and jjaleontology. It is not t»nly a text-book for the 
college student, but a handbook for the professional geologist. It comeR 
as the worthy consummation of a long life of exceptional earnestness 
and success in the work of teacher, investigator, editor, and author. 

About a fifth part more pages, and a fourth more Illustrations, are 
contained in this work than in its last previous edition. It is very well 
printetl, and has a copious topicat index, to which also one giving ref- 
en-nces to citation of authors might be u.sefuily added. w. u. 

DUtributum of fhe'/Mful and FreMh-icattr MoUuhKh of the Went Indian re- 
f/ion, find t/ifireridenre irit/i rt'ffard to punt r/tunf/tft of land and aca. My 
Charlks ToiiREY Simpson. (Proc. W S. National Mu.s<'um. vol. xvii, 
I»p. 423 4.V), with Plate xvi: 18J)4.) This essay treats of the Tertiary 
hist4»ry of the West Indies, to which Profs. J. W. SjMMicer and U. T. 
Hill have recently given attention from the geologic side. The biologic 
conclusions of Mr. Simpson are as follow: "A considerable {Kirtion of 
the land snail fauiui of the (ireater Antilles seems to be ancient and Ut 
have d(-velo[M'd on the islands where it is now found. There apjx'ars to 
be gcKMl evidence of a general elevalii>n of the t ireater Antillean region, 
probably some time during the Kocene. after most of the more imf)or- 
lant groups of snails had C(jme into existence, at which time the larger 
islands were united, and there was land connection with Central Amer- 
ica bv wav of .Tamaica and probablv across the Yucatan (^hannel, and 
there was th(?n a considerable (exchange t)f s|HM'ies between the two re- 
gions. At some time during this elevation then^ was ]»robably a land- 
way from Cuba across the Bahama plateau to the Floridian area, over 
which certain groujw of Antillean land m.»llusks crosse<l. At this time 
it is likely that thr more northern isles of thi? Le.sser Antilles, which 
seem tt) be volcan<H*s of later Tertiary and Post-Pliocene date, were not 
yet elevated al)ove thi» sea, or if so they have pnibably been submerged 
since. After the |M*ri(Kl of elevation there followed one of general sub- 
sidence The connection between the Antilles and the mainland 

was broken, and the Bahama region, if it had been previously elevated 
alK)ve the sea, was submerged: the subsidence continuing until only the 
summits of the mountains of the four (ireater Antillean islands re- 
mained above the water. Then follow<'d another period of elevation, 
which has lasted no doubt until the pres(>nt time, and the large areasof 
limestone uncovered (of Miocene. Pliocene, nnd Post-Pliocene age) in 
the (ireater Antilles have furnished an admirabl<> field for the develop- 
ment of the groujis of land snails that surs ived on the summits of the 
islands." w. v. 



/'7tt* j't, I'., inti, "^ifMft It -r tfjitwri ,'■* -I ifMtfh' i.'ihi ii*t .V' •'* F-"**". liv 

'''h\i«t.ks^ Pi<i>?-*Kii. I'.u;:. I' ^ 'It**!! '^ip'i .. N.. \'^). •.■\i. ;-^i. Imm, 
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Tii»' tiirliiir -las i^v.'ii .1 '-"v ••:ir«*''iii 'j»'r:»ii»*tl «.luiiv •»(* r h*>^ tiiiFA •l*'- 
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• »f rh^T iV'.Mnian :'«»pni;itiniis .ii' P'nnsv'\ :uij:i '.vtrh :ln'?*^ ■»!' N»*w V-irk 
Th»» .trtNHiniH nf tli»- .-.-iriniis "MMTitiius -it)«Mina :!i :nt»'n*Miiii:r •i»*t.tjls. .-in«l 
,n : h»* ••i»nr!iisit»n!i «i»»nv.Ml -liKpt^frnm 'hir itiriior iinLs ^iims^lf :u vari- 
:inr»» 111 s»»v."nl ;»iirTiriiur. -^iih :|ji» iir-fiTTninaiions of 'h»* P'»ni»}»>:vania 
jii>ln!ri>*rs. Th** i;irt«'r r^'jranJtni .i •Ijirfe ^an«i.v -thai*- ;y;n:r xi fh»- tufi '»f 
rh»» HamilNtn ;is Mn* «ifn»**i^f >h:ii»*: Pm?w»*r '«huw^ that it has iitilr r»-- 
"•Kmblanri- :irlii>|o«rn*:iily md rn»n»» in its r'«»ji*iiH r»> t.h»» rypiral «i»»n»?s»**'. 
vrhirh h»' infMs 'm :>•' ;ihs«*iir ^n rhns** SH«*tion.<«. Tli*- LrvMii^irTsts jf ih^ 
P*Mmsy|\ ania ^iirv»*\ r»^fi*pn*ii *•• -In* Tuily iim«*sii»n»* .i iirht irray 
«»tmrtim, ntrii in Hamiiron i'ijssiIs. "Hpenaily itsrnml-i. bur with iion*-«if 
th#* sr»»»fifs rh;in«"r*-n:sii»* •*( rli.- T:il!\ As :li»- <ipp^p '>»«ii -if :li»*"Hain- 
ilfiin 'thiiU'S in 'r*'ntni antl wi^Htfrn N»*w V.»rk ibiMinti .w .iiii**<ion*^. an«i 
:iM rh»«w :im»-sront*s in .>f«inn** .tnii P:k«' '?»»uniies. Pa.. ar»* <rapi>*ti oy a 
Haniiiitin ^nal«-. rh#* inft-t^mv i'» iliat rh^y ;in» »»•! '»f th»* 'sam»* a:r»» as 
«4rraia p^fi-rr»»ti r<i th*- T'llly iim»*sttin»' m ■••Mirrai P**iin>yivania. wh»»nof 
\\\t\t'i\\ T illy '•fi»Ti«-> lia\'* iv^'H r»*[H»rt»-«l. T" rh«^* LiiW**r P'»rt.i:r*». Pn>f. 
Pprj<«»*p r**!Vp^. l.l.Vi ft. iif SHiiii>ti>n^ ami '>haie> n-iranli-^i r)y I i.' . Whil«* 
an < h»»miin!r. Ov.»p!\ mir thfs^ i-^ rhr* Sranirra san«Ntoii**. p**imnl'*il by 
\Vhir#* iis b^iiiniriri'jr '♦» ill- iiTip»*p <'n»*munir iu«l ci»nsi«ifpil iiy I.»»sl»»\ as 
r>*rskiil Prtf^-^'T 'Mn>i«l»*p4 :r |ir»ihahl** rhar "'virinnini with th*» :rn*tMi- 
.sh ihaif^ .in«l tantl^fon^s .if 'h»- ^taricfa .in«i rh*- \'*w M:!f«»nl r»Ml 
■<ha.M> j i'«»nr*nl»'p»*«l ■>> \V;i:f'- .i'* r»*ppv^^!ir;tiir '\\*' ria^^ "f rli-' <-'al>kilI], 
•■h**r»- i-n a s»'r:»'S .»f rier»*»"iir'« ►'•iin\ :ii**nt t.«i r;i«* •>fi*Hir>ta siniNr^'n** "f N»»w 
V'tpU. '-vMich. ;i.'- ,■* 'X'-\\ (vit4»wri. -rra«l'iai!> [•ai.'ir**^ .nfM -w^ 't^-tN .»f t \ pical 
Muhl!*- anil ''pr**f P-'Tfa:!" in iv-nrnii >Vw V tr\." 

Th»' IV;i-.vap»* tiaj* wMh *ir*!fnt»ftt * lurrruitt Hal!. an«i l'n»* M*»nlri>>»«* 
'*hai»'> wirh ypirr/fr ittrMftjtfi'i'in'iM ,i\ i.ji*- iipfj»»r |»arr. .ir»' :Ha«;»-«i wilh th»» 

\.,tfji l*iifrnnf*tittf^itl'i*». II. t'rtt»t,ti*tM: /ir *r- r 'y #//.#/«•/*- '/•/♦'Vy*/*-* TrifitlfitrM tlf 
r ,,ffit,firir h *V y.r.^hjritiii . \\\ \ B K R« • ERi » N . 

f'nfl»*r r^i»- riam^* f'ti.'ifmt'tt^ 'rnnU^n', \\w ati'fii»r tlt-MTitw-^ nn immtrns^' 
<»j,»«ri»'N of thi«» ?»='nri'. '-•piaimir mi -i/** th»* :rn*ar ft»rni> i:it»tl bv Hall and 
<><*lil-r: fp«»m thi- l«iN»'»«r iH-v.Muan. A q»'w ^|>Hoi**S'»f Trin*i»'ffu» \ T.gr*'- 
n'^ri^ ii »:s«» •l»'Mrrib*'<l. J. M. i\ 

f'.hrrtlit nf r<ititjr-*itIitM>'hr ,t fit zir fi 'I injr n 'h r '**thnt'j**'fnit >i*ifrn F'. ^r. It. 
It'trr'/f'h'jt Z'fut rf/ffuiMrfifi, Itn-,,/,. \\\ K. Kw^KIl .411*1 V.. Hoi.ZAPFEI.. 
J,iiiri». il-r K. k. :r»i.i«»ir. U-;»-h>.an>i.. IVM. x-l U. pp. K'.*-'*! 4. ) 

'•ifir.- til- rii;i ami riiia. •l-ni'»liii«»n b> Kay'i«T. "f thf ai!«-ir»'il Silurian 
ttjf -if til- I*'. *i aiitl \\ ^tai:.-^ i[i tti»- N«.-ra:!»*<i •■Silurian ba>iri*' «»f Iii)h«»- 
mi;«. afi .i^'romplith'Ml fari wliirh ha* r»M*»-i\»Ml Hiib^taniial i*«»rn>lHiralion 
fr-.m •■■»r.- hM •• fasina-. aiiii «'ar»'f'il ^tii«i»'nt* ••!' tli- lW>\iiniaii in various 
f.art' "f t !•• -i/lo^M*. flM»r»' r-rnain-il as" "tinrtni>h««l bu^in«*Ns" tin* (h*t«'r- 
rrnnaii«»!i </ fii** pr«-^*j>** ♦••piix ah-nc* arnl |M»siiii»n of ih»*s»' faunas in th»* 
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iK'votiiaii column. Sotnc variation of opiiiioii lias hfcn r\ pressed in 
r»»i;anl lo ihis bv ditferiMit paileontolosrists. nonr m<»r»' consi-rvativr than 
that of Kavsi*r. who has befon? rc^anied tin* liinM* divisions. F (wit)i 
the <»xc«*plion of F-1), iJ, H, as represent in j< the lower Devonian, iu>ne 
nrn»pe extreme than that of Kn*ch. who sujrjrested that lliey mi^rht be 
construed as an exemplification of the entire Devonian series. The 
pr»*s<'nt work is a detailed and exact analysis of the slrati^^raphical Ha- 
lations of these faunas with those of the I\hine section of the I>t>voniHti, 
and its essential results are as follows: The eta>?i' F-1 (includin}^ the 
•*koniepruser-kalk") represents the entire lower Devonian and is e<pilv- 
alent to the Krbray limestone of France, some of the I'ral limestones, 
and the I^ower Helderberjr of New York. The «'ta>re F-*i is not h<»moj?e- 
i^-ous, but consists of two shari)ly defim'tl divisions: the hij(h<'r.' or 
Mnenian limestone, is the equivalent of the ^reifensteiner-kalk, and 
hence lower Middle-|)<>vonian. Ktajre (J-1 probably belon^rs to the same 
hi>rixon. Kta^es (i-2 an<l (f-3, H-1 and K-*i. are youn:;er than earliest 
Mi<Idle-l>evonian and are all later sta^(*s of the Middle*I><'vonian. 

.1. .M. c. 

Xiprh fin Wttrt ilbrr (Wr Notforfmliijkrit ihn Ttrntinnf ''iiorinrh" filr ili*' 
IfttfUtiittfr K'tlke nufrrcht zu erhnlten. \\y A. Uittnkh. (Verhandl. der 
k. k. jreolojr. Heichsanst. 181M, No. ir>. pp. IMM-iMW. ) 

Then* has l>een i)f late coiisiderable discussion anioii<; the Austrian 
•reoloj^isls as to the applicability {»f the term **norisch" or /<ormw, by 
which Mojsisovics di'sl<^nated a certain zone of the Trias: and it has 
iH't'u cotitended, amon^ other thin«;s. that tin* name was pref^mpted by 
T. Sterry Hunt for a division of the Archean. Whether the term be 
written ''norisch." norian, or noric. it is the .sam<' word, and l^ittner 
shtiws that while Hunt introduced the term in 1H70. Mojsisi>vics made 
use of the expression "norische Siufe" lirst in March. IHOl). The term 
has. therefore, un<pn>stionable priority in its ai>plication to the Trias. 

.1. .M. ('. 

jytir(tfnf/i Annual Report of t/tt \ttr York State (ivnloffUt, ISUJ^. 1,015 
l»p.,'^r» lithoj;raphic plat«'s. 07 half-tone plates, tro maps and cuts. This 
volume contains the refjorl of I). I). I^uther on the ireolojrical section at 
the Livonia salt shaft, with an introductorv chapl<'r by Prof. Ifall 
and supplementary chapters by J. M. Clarke: also, special re|K>rts on the 
Helderberjc limestones, the jr<*olojry <»f Albany county, of I'Ister county, 
and of the M(»hHwk valley, by N. H. I)arlon:oii the economic jL'etWo^y <»f 
Albany and I'lster counties, by F. L. Nason: on the ^eolojjy of Ks.s<'X 
county, by J, F. Kemp: Clinton county, by H. I*. Cushinjr: a part of St. 
Lawrencr and JetTerson counties, by C. H. Sm\th. .Ir.: Cattaraujrus and 
Chautauqua counties, by F. A. Randall: Chenan^ro county, by .1. M. 
C'larke: furtln^r, an account of the dlscovr-rv of piatvcnrmic man in New 
York, by \V. H. Sherzer, the j^enera of tin* Fenesli'llidje. by (J. H. Simp- 
son. an<l the concluding' part of tin* Handbtwik t>f the Ih-achioiKula. the 
first part of which was jriven in the report for ISOl (published ISJM). 
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.1 n^tr f/i^tfrtintnfro/n the WhiU /{irrr Btd/t. HyAV. \^. Si'OTT. (PrtK!, 
Acad. Nat. Sci.. Phila.. ISIM, pp. 446-48.) In Ihis pafx^r Dr. Sooit de- 
Kcrib<*sai)»nv iiisi'ctivijn* n'srmblin^ somewhat tlu'gonus Sffrfjt, altlu>ii<rh 
differing: siif!ici«'ntly to rt'inovo il from this ^♦mius. It is called Proto- 
Morvjr and n*pr<*sfMits a vrry primitive typ<* of Soririda; Inscription, as 
<piot(>d from the autlutr. as follows: Maxillary dentition much as in 
Sitrew, but with less reduced third molar, and smaller internal cusps on 
last f)remolar. Mandible with four minute teeth between the molars 
and the larj^e precumbent incisors." The s|H»cies P. t-riMmtH (sp. nov.) is 
described from an adult individual and is "characteriz^'d by the short 
broad face, vaulted palate, straight alveolar Ixirder, and by the relatively 
larjje size." From the White Uiver Miocene of South Dakota, and dis- 
covered by Mr. M. S. Farr. j. k. 

Not en on a roUecti^tn of iiiluritin.foHKUM from C'lpf (rforye^ AntigonUh, 
Nora Srotitt, trith tle^rriittiorm of four nr*r MjteritM. Hy Hksry M. Ami. D. 
Sc'.. F. (i. S.. etc. (Kx. Proc. Trans Xova Scotia Inst. Sc. Halifax*. X. 
S.,rM Series, No. 1, Part 4, pp. 411-11.").) The paper is based on the col- 
lections of Silurian fossils made by Messrs. Hu^h Fletcher and J. Mc- 
D<»nald, during the summer t)f 1S8(J, at the extremity of Cajie (ieorjre. 
Anti^onish county. Nova Scotia. In ajre the fossils indicate the 
presence of Low«*r Ilelderberjr or Ludlow rocks. They correspond to 
those of Division "D" of the Arisaijf section in Pictou, although the 
facies is (piite distinct so far as the collections jj^o. The new s]M'cies 
are not fl«;uretl, but have been described with care. 

The forms recojjnized from the collections comprise the following: 
Aftnrlida. 

1. Scrpulites longissimus Murchisou^ 

n. var. 

2. Trntaculites niagarcnsis ? Hall, 
y. *• canadensis, n. sp. 

Bracfiiopntia. 
4. Discina n()\a scotica. n. sp. 
^. Discina Hetcheri. n. sp. 

6. " orientalis, n. sp. 

7. I. insula rectilatcra /fall. 
R. '• sp. ? 
(). Orthis fKhipidomella) assimilis 

Hall. 

10. Rhynchonella fonnosa Hall. 

I^amellibrauchiata . 

11. (Mhoii4»ta equilatera /A/yy. 

Gvoloytral nmp of E^MtJ- fount i/, MaMMttr/iuwtftt; Rtport on the Geohfiy of 
EMHtx conntjf, .yftiJiii., to aerompany map. Hy John H. Skars, Curator of 
Mineralogy ainl Cieology, Peabody Academy of Science, Salem. (Bull. 
Kssex Institute, vol. xvi. 18i)4, pp. 22.) In this map and rei)ort the au- 
thor presents th«' n'sults of several years' work ujKjn the complex rocks 
of northeastern Massaciiusetts. Several n'|M)rts of progre.ss have pre- 
viously upp«'are(l in the same j>roc«'edings, beginning with those of 1889. 
The present re|)()rt is mainly devoted to tln' systematic classification and 
deseri]»tion of the rocks represented on the map. Und(*r phitonic rocks 
of hypidiomorphic granular structure are described (1) hornblendic- 



12. 


Modiolopsis exilis Billings, 


13- 


Nuculites (Clidophorus) erectus 




Hall, 


u. 


sp. indt. 




Gasteropoda. 


15. 


Bucania. sp. 


lb. 


Holopea rcvcrsa Hall . 




Cephalopoda, 


I/. 


Orthoccras, cf. (). annulatuui Sow- 




rrfiy. 


is. 


sp. indt. 




Ostracoda. 


10. 
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iTi.ii *!»•!, •*2 i.'riiini|»l!yric*-irr:iiiitil' . rniit!ici-/oiM . ul- Mi»L'it«'-ii"f»li"hn«* 
>Viiii*.H hnriitHi«iul»-ihoTii«'. «T), i|iiari'/-itii£rii''-()i(>riii-. /Tn fiMr«vi\ itr- 
•»i.«T .["-rruiiri* . 7 .irrunitif'-l' \ }»«*r'*iln'in-clijil»HSf iiinrifi*. AiiHtin.' ••fTit 
'■-.v. \<i»r'itiiir nit'ks ni iMirpltyrliic- KTru(Mnr»»s. iiiciiHliiii: nilK. VMirniMc 
>»r«'r-r:u iiiK! mrri»»ni»*nti»-. an IH-. rll^l^lin»^ nr (fuiiri/-|Mirf»liyr\ . mule] 
«'i'-l: h'"a(l »ir» ntiiMMi 111! liv M-full»»cl tt'lsiu»N. ••ic ( >1 nli\ iiif rockv wii)i 
Ti<- ^KiNtiiti t-.K ciiiYST riiM'Dl. Ml >«'ur> ^••IM^rl^ oiii('rni>*> n! Mt* sfViwiH iin* 
-jiTii'! M» ill A.ov'iliirv . « ll> )ii<ir iif-niicit-pMrifInt iT< m Aiwlovi«r 

.XrriiJi'iii riiru*< MffiiT 111 lh«' hirm nl 'lli iHirnhhqulf-L'ninii icirf»''K*v 
= ! M loclp't.iij l((j\l<inl. and « ifMirirf'i«»wii. < 12' jMirpli} rliif-irriiiiii pc-iriuMvs 
.; ( v*-ir<:«-}f\\ u. \\ »«Ki "N«wluir\ . iiimI Ani'^shnn \> i»rk«»s<' <»r •cnii- 
r-'ni'-T-iit'-irni.iin* " r^ iM)if<l Ilt'h niii*«'i»\ iH-irrhinl it'-ciM'isv hclrl ^)\ ih<- 

•ni^'^wLirli \\\x\* bff'n wn^ticd uiMi rMc.insdlHjHWd rrnTii i hf fl<»cu> <»| 
ih*^ Til ii<s^«»\ iif-liKii-jw-iTiiimf <i! ih«' rt'Ciini <»r Ir.iTn nunif- sirnilMT- riwk 
fkn r.» ? I" 1 h" ii«»ri li '" of ih*- *<chisi«H«' r«ick< i> 'l-^ Mm|iib«iliic-4riM-iw 
-'f i|!f!*r»'iii nrurii' ii» ♦♦♦•v»thI |»nris tif i hf field 

M' UiN' r*' *A il>* li«'W»*r K umUriun sciliirifnt*' .•cruT us ■ l;»i Tnifn-sfhivt. 

♦ Ir,, r. .nU'rii*-iriM'is*». (1T> xnrsiw-iriifisN. il>i liTn»*>.i«»nr. sIhu*. ijHMrtxiif. 

* THJ •vh!nJ*-i«»ii*- (M't AimUifT (IfjKisn IV ('(»Tr)|MKft'] i»f lnrL'«- |M'hh|i'v oi" 
irr*T.i]«. iiTT>**si'ifi**, «ik1 iriicH-*4rhisi. i3t»' I>.»sioiiiif'Mr k«T«iit]ih\ r«' ot)\'('!S 
»c hiv-CiH hiMi «•! h*-r ir»^inh»'T>» «»f iht- rhyiiliir ut»<1 <iimrT7-]n»r]»hv rir'> sI«-»]i- 
i Ti«' ml" MiirSl»*h»'i»<l ^lhr^H»r IwtstoDiic is « nuTn** cix'Ti h\ 1vis<nl"»iivrh 
!■*• h r'»rk Ilk*- k''rHr«»|»h_A t^-. which i»rciirs h> n dikr insirjid ol «> x vnr- 
Tar- rt'»w. i:*]» A liiiirnnit*- tlik*- in \laiirh«-<l«T. Ihi- soh* rfCi^M***! «>«•- 
^:rtirr»*iir»- in MussTtrhusfiis, rntv ihr honiMt-THh jrr>iintii<- »n«l »uv'iii'- 

Tif]»ir»'lin- *.\»iiiir m Pirkuni's |*»itM. <^2> Vlvstviti-. ji Umnu* }«u(:itr- 
fi»]«h«hiM- n«rk «•! |»tr|ih>rnic lixhiiiis «imcr«»]is <»n S^hni Nfok. \> int«T 
ivIaTiti. aTiil iii llfx^rlx and M«rhl«'b«-3*«1. iXt« l>ik«^N of .juxri'/^x^rphv r> 
str»* vh'twn **\\ ih*- Tnap in iht- Hurt's >n hrn* \\\o\ cm m«>r<- xncioni invKn 
• •f ih«- vHm«- >»-ri#^ t»r lh»* mM rh> 'ilili-v. ri\\ As nrkosi* or con tf lorn «f«1o- 
:;r;mil** i^ <l.-^Til»»Ml nsmnll <iriNisit »t MM;:ni»1i}i yi\\\\ in S^^mcun <NMini\ 
Th«' map al-M* >h4»ws Ci^MlmlUin-trnhbro. r«»cks f1r>! tioiict^^ l>\ |>r. M 
K. W»«lsw<»rtli: (*Jli» a liiiarilo «liko mIxuii Sf»\»»n f«*oi wiilv i'unin»2 <)ioviio 
and :rraniP*. in Tlir«K*k morion's co\f on ihr Marhlrh<\'»d vid*- of ro^^vi 
ri\*T: ri7» n*d slair. th»* "jaspilifr** i>f Sanjrns r»'nlr»\ \.\ nn. and Nrthrtni. 
a in»*ml>»*rof tho Ulen'dliis Cambrian: <*^> nn«la)usito-schist oti Nrthani. 
Ht Lynn, «*lc.: (*i9» \t'in nn-ks, carr\ inir l«»ad. silver, and cop|M*i ores. 

A list uf publications n'ffrrinir l<» I In* ;rtM>h»u> ol Kssi^x <o\imi\ rlos^s 
this H'jiort. In the fi«'I<l work on which this niMp is b^sod. Mt Si^!\ts 
coIlccl«^d Sfvt'ral thousand s|H»cimt'ns. and o\or onr thousMntI ihin 
sections havt' Ihmmi fxaminnl nn<h'r thr nn(*rosco]M>. MMP'tiMJ h;i> mIso 
biMMi rolh»cicd foriln* )>r(')>:iration of a map of \\\v uImcimI irroloirs ol ihi- 
sam»* an*n. To Mr. S«'jirs is i\\\v jrn'ut cn'dil for lh»' Indrfaliuahh' in- 
<lii.slry \%'ilb whicb h<* has worked oiii this iniricalo nia/r of hiuhlx al- 
itTfd s»Mlim»*nts and rntanL'Ifd s«'ri«*s of intrnsjM' and t'lfuslM' lijnr»»nM 
rt»cks. As 11 field for prtroirraphic sind> . this an^a pronnsrs tn ho nu- 
surpassed by any n|HMi the Atlantic coast. It is hopiil ihai Ihr 
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MUn-niri Gnt^ttgictf Siiirrtif, Vol. V. Piib-^thtohtf/tf **f J^ittMonn. (Part II). 
Hy Chari.e-i Koi.un Ke\», Siatt* G.-uIo^isi. Pp. 200, wiih .'W plnt^'s. 
.Irff«*rM»ii Citv. 18!M. This volume, whirh coinimios .iht* i»lHn bn^jrun by 
iwrt I. trt*ats of iht* )k»I\ zo>in<%. briichioi«Hls, lamfllibrHnchs, jrasirroixKis. 
cephalo|HHls. and vtTtobrHtfS. Th«* two vohiin*»sr«»nstiimr a us«*fnlcal- 
alo<;uv by in**ans of which m-jth lh#» aid nf th«* )»la1('s. which ar*' exct^l- 
U*nt, in«»sl of ih** fi>ssils of lh«* sIaU' can be r«»f»TnHl to their st rat ipraphic 
and ^♦•<»praphic places. The future iiivestijrator will find this comjvnd 
a necessary rad€ mffUM f»)r guidance u* the princi|ml literatim*. The 
work d<a»s not aim to b*' anything; more than a synopsis of ihr prt»sent 
knowIt'd;?e of the t»al(H>ntolo^y of the siat<'. It remains yet for the Mis- 
souri survey t4> enter ufion the rt*al inveslijration of the pah^mttjloj^y o{ 
the stale. This jratherinjr l4»jrether and classification of what is known 
alri'ady is the n**cessary flrsi si«'p t4» such an investigation, and has a 
wide usefulness, jtrr w. should the work iro no further for manv years. 

N. II. W. 

Britnltjf mr KtuhtniitM lUr Critttttn*/ Ojryrhimi. Wy ('ii.\ki.ks U. Kant- 
!H.\N. (Paleont4»^raphica. XVI lland. pp. US»-l!>'i. Taf. xvi-xviii.) 
This excellent mono«rraph is in dir«*ct line with the tendencies of the 
b«*tler class «»f recent tmle<»ntolo<rical work, which on the ^eol<»^ical side 
<l«*als with faunas a^^ an aid to detailed strati^rraphy. and on the biolo^ric 
side lays |>articular stn-ss u|)on the careful revision of work alreadx done, 
thereby aiding morpholosrical inquiry, and enabling the phyl(t)f(>netic 
history of livin;^ /j>olo<;ical >rroup> to be made out with j;n*ater accu* 
racy. Minute study of ancient orirnnisms from this stand|)oint leads to 
:i philos4»phic insight and to a keen discrimination of morphological fea- 
tures which ar»' entir«*ly l«»st sijjht of when the description of a new sih'- 
ries is made the chief n'sult of a consideration t»f fossil forms. 

Oxyrhina comprises a widely known jrroup of sharks, tlu* triangular 
teeth of which are probably mi»re familiar to the iK)pular mind than 
any other fossils. .Vfter a historical intriMluction and a very full list of 
the older allusions to the fossils, there is^riven a full account of the char- 
acters and occurrence (»f the piincipal form, O. mantfili of Ajrassiz. 
The systematic ctinsideration of the various s|H*cies which are now n*- 
jrarde<l as belon^in^ l«) the p^nus is esiM»cially helpful and shows a num- 
ber of imi)ortant chanj^es in nomenclalun*. A list of syn»)n\ms and 
their proi)er references follows: also a table of the jrei»lo^ical distribu- 
tion of the known sfK^cies. The three plates accompany in;r the memoir 
illustrate lucidly the different anatomical characters of the forms. Pal- 
«'ontolo<rists an' under jrreal oblijrations lo Dr. Kastman for workinjr out 
so carefully this lonjr ne<rlected jrroup. ll is underst<MKl that the autlmr 
is now at work in the Museum of Comparalive /oolojry at C'ambridjre 
on other i^roups of fishes. v. u. k. 

RECENT PUBL ICATIONS. 

/. (iorfrnmrnt ami Sfitt( RtportM. 

Third Ann. Kept, of the Ihireau of Mines, Ontario. 20.1 pp.. Toronto. 
1J=4U4. 
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Gi'ol. Snr. of Ohio. vol. vii. pp. xvi, 7(K) (with 5(» platt's. a >f«H>lojriral 
m\\\) of thf stale. aii<l 10 maps showiiijr outcrop boiiiularitss of princijd 
coal seams), contains: (««*oiojrical scale and jriM>lo>rical structure of Ohin. 
Pxlward Orion: The clays of Ohio, their oriifin. comtHisition. anil varie- 
ties, PM ward Orion, jr.: The coal fleldsof Oliio. Kdward Orton: Contribu- 
tions to the paleonlolojry of Ohio. II. P. Whitfield; Observations on lh«' 
so-called Waverly *rronp of Ohio. C. L. Herrick: Fo.ssilsof the Cliulon 
<;roup in Ohio and Indiana. \. V. Foersle: The fossil fishes of Ohid, K. 
W. ClayiKjle and A. A. Wrijjht: New and little known Lamellibranciata 
from tlie Lower Silurian rocks of Ohioand adjacent slates, E. (). Ulrich. 

South Dakota («eol. Sur.. Ihill. No. 1. A preliminary rejiort on tb<' 
«re»>lo|(y of South Dakota, by .1. E. Ttnld, state jreolojrist. vii and \1'l 
pp.,i> plates, and a >reolo«;ical mat>of the state, 18l).">. 

Missouri (Jeol. Sur. Thinl biennial n»i>ort of the state ;j:eolosrist, ('• 
K. Keyes. (»0 pp.. 189."). 

U. S. (ieol. Sur.. liull. 120. The Devonian systi'ms of eastern Penie 
.sylvania and New York. (\ S. l*ross*'r. SI pp.. 2 plates, 181M. 

Oeol. and Nat. Mist. Sur. of Minn., *iiJd (1894) Ann. Kept., contains: 
The »rijrin of the .\rcln'an jrreenstones, N. 11. Winchell: Preliminary n— 
IKirt on the Rainy Lake ;roM rejrion, FI. V. Winchell and U. S. (iranl - 
The tofH)«rraphical survey of Minnesota. W. U. Hoajr: Historical skelc^'^ 
of the discovery of mineral deposits in the lake Sujieriur region, H. V^ 
Winchell: Late (ilacial or (Miamplain subsidence and re-elevalion of ll"^ 
St. Lawrence river basin. Warren Tpham: Noteson Miiinesotu mineral 
C. P. Berkey; Chemical analyses: The projf ress of mining, X. H. Wi 
chell: ('omi)ressive strenjrih of .some Minnesota bricks and buildii 
stones: Noles u|M)n the bedded and banded structures (»f the gabbn> aiv- 
u|M)n an area of Iroctolyle. A. H. Elftman. 

({eol. Sur. of .Mabaina. Ueport on th«' ge(»logy of the Coastal plain c^ 
.Alabama, by E. A. Smith, L. C. .lohnson and I). W. Langdon, .Ir.: wit^ 
contributions to its palecuitolo^y, h\ T. H. Aldrich and K. M. Cunnin: • 
ham. Pp. i-xxiv, 1 T.V.). pis. 1-*>1>. 18!»4. 

Missouri (Jeol.Sur. vols. \ and .'>: Paleontology of Missouri, by C. 1_M^ 
Keyes. Pt. I, pp. 1 271, pis. \-'.Vl\ pi. II. pp. 1-200, pis. r{:i-5G: 181M. 

Miss(Miri (iei)|, Sur. vols. ('» and 7: Lead and zinc deiK>Kit$, by Arthi^ 
Winslow. assisted by .1. I). U<>berlson. In two sections: pp. 1-21, 1-70^ • 
18<»l. 

Cal. Stah* MiiiiuL' Ilureau. I2lh Ann. Kept. Slate MineraU»gis1. .1. - 
Crawford: pp. l-.vtl. isni. 

//. f*rnrrHltif(/M of Srirhfifir SitrirtUM. 

.lour. Klisha .Mitchell Sol. Soc, vol. xi. |);irl 1 181M. contains: Thee. "^ 
hauslion of tin* Vin\\ siip|>!\, F. P. N'enable: Sulphur from pyrite in N- 
ture's lab<>ralor\. Collier Cohh. 

Hull. Nat. Hist. Sor. N«'W nrnii>\vi(k, Ncj. 12, 1894. contains: TH 
crystairnn' rocks near St. .lohii. X. li.. W. I). Matthew: Post-glaci 
faults at St. .lohn. X. 15.. (i. F. Matlli.w: OulhMs of the St. J«dni riv*-" 
4i. F. Mallhew: Sdhic e\i(h'iK't's ^^\' a irlacial epoch. C. U. Fischer: Tl 
mountain svslenis of America. L. ^V. Kailev. 
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Proc. AcHtl. Xat. Sci. Phila., 1804. i)l. .'^.contains: The Salisbury 
stoatiti', T. I>. Kan<]. 

Proc. Arner. Acad. Arts and Sci., whole ser. vol. 29, 1804. contains: 
Fiirth«*r observations u|>on Mie occurrence of diamonds in meteorites. (). 
Vs. Hunlin^rton: The Smithville meteoric iron, (). W. IIuntin«:tou. 

.lour, of the Cincinnati Soc. Nat. Hist., vol. 17, No. 2, July, 1804, con- 
tains: The jrranites of (Veil county in northeastern Maryland, Part 11, 
(i. P. (irinisley: Tile St. P<*ter's sandstone. .1. F'. James. 

The same. vol. 17, No. iJ, Oct., 1804, contains: Description of .some 
Cincinnati fossil.s, S. A. Miller and C. L. Faber. 

Hull, (jleol. Soc. Amer.. vol. 0. pp. 1-28, Nov. 1804: Proceedings of the 
sixth summer meetin«f, held at Hrooklyn, New York, .Aujru.st 14 and 15, 
1804. H. L. Fairchild. Sec'y. 

The same. i»p. 20-r)4, Nov. 1804: Kansas River section of the Permo- 
(.'arhoniferous and Permian rocks of Kansas, ('. S. Prosser. 

The same. pp. rM-70. Dec, 1804: The extension of uniformitarianism 
to (h'formation. W J MciJee. 

The same. pp. 71-102, Dec, 180-4: Review of our knowledjore of the jje- 
oloiry of the California Coast ran;;es, H. W. Fairbanks. 

The .same, pp. lOH-140. Jan.. 1805: Reconstruction of the Antillean 
Continent, J. W. SjxMicer. 

Th«' .same, pp. 14l-l<>(). Jan.. 1805. Evidences as to change of sea- 
level, N. S. Shaler. 

The .«4ame. pp. 107-108, pi. 2. Jan. 1805. The Magnesian s<*ries of the 
northwestern states, C. W. Hall and F. W. Sardeson. 

///. Ptipera in Srientific Journals. 

Jour, of (ieol. Oct. -Nov., 1804, contains: Glacial studies in (Jreenland, 
T. C. Chamberlin: On a basic rock derived from granite, C. H. Smyth, 
Jr.: The (piart/Jte tongue at Republic. Michigan, II. L. Smyth: A 
sketch of geological investigation in Minne.sota, N. H. Winchell: Stud- 
ii?s for students — The drift, its characteristics and relationship.s. -R. D. 
Salisbury. 

The same, Nov. -Dec, 1804, contains: (jeorgi* Huntington Williams, 
•I. P. Iddings: Glacial sliulies in Greenland, 11. T. C. Chamberlin; A pe- 
f njgraphical .sketch of .l^^gina and Methana. H. S. Washington: The 
i>asic massive rocks of the lake Superior region, W. S. liayloy: The geo- 
<.>gical survi'vs of Arkansas, J. C. Hranner; Thedrift. its characteristics 
ind relationships, R. 1). Salisbury. 

Amer. Naturalist, Dec, 1804. contains: Quaternary time divisible in 
t hree f>eriods, the Lafayette, (ilacial and Recent, Warren I'pham. 

Amer. Jour. Sci.. IK'C, 1804. contains: Duration of Niagara falls, J. 
W. SiM»ncer: Distribution and probable age of the fos.sil shells in the 
^Irumlins of the Boston basin. W. O. Crosby and H. O. Hallard; Po.st- 
trlacial faults at St. John, N. H., (i. F. Matthew. 

The same, Jan., 1805, contains: Late Glacial or Champlain subsidence 
H.nd reiflevation of the St. Lawrence river basin. Warren U|>ham; Pn»- 
liminary notice of the Plymouth met4H)rite, H. A. Ward. 
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•^'Uc**. iis trross and minute slructiire, K. H. HurlMMir. Tnlv. Studios, 
^'•^braska, v«>l. 2, i>i>. 1-1«. pis. M'i, July, 181M. 

^>m«' Coal Measure sections near Peytona, West Virjrinia. H. S. Ly- 
^Hn. PnK\ Am. Philos. Si>c., vol. :W. pp. 2«2-:m!>, 2 maps, Nov.. IStM. 

C'<nie-in-cone: how it occurs in the iK'vonian series in Pennsvlvania, 
'^ • S. A., with further details of its structure, varieties, etc., W. S. (ires- 
W- Quar. Jour, tieol. Soc. vol. :>t). pp. 7:Jl-7:«), 2 pis., ISIM. 

The »>voluti«>n of the ungulate mammals. 11. I.. Fairchild. Proc. 
^'»ilu'ster Acad. Sci., vol. "i, pp. 2(Mi-2m). .hnn*. 1SJ)4. 

The ^'»M>iosrical history of llochester, N. Y.. II. L. Fairchild. I>o., pp. 

Tlu- len»rlh of jreoh)^'ic time. II. L. P'airchild. l)o., pp. •i«:i-2tMJ. 
r/i^* ()n» I>t»|M)sits of the Tnited States. Hy #1. F. Ki'mp. 'id edition: 
i*P' i-xviii. l-rwn, \n illustrations: The Scientific Publishing' Co., New 
^'"rlv and I>)ndon, 18»3. 
^^t* x'ision of the bivalve mollusks of the coal-format ion of Nova Scotia, 
•^- ^^^- Dawson. Canadian Hec. of Sci., Oct.. iSlM: IHpp. 

■-'^•skI and zinc deiK)sits of Mi.ssouri, Arthur Winslow. Trans. Amer. 
"^^^^ - Mininjj: Knjr., I5ridjrei)ort m<*etinjf. Oct.. IHIM: 5(5 pp., I pis. 

*^*^eorijrin of the Archean ^n»enstom's. N. 11. Wiiichell. (i«'ol. and 
*** - Hist.Sur. Minn., ZV\ Ann. Kept., pp. !-:»."», ,Ian., 1S!)5. 
^ -• *"^s«'rvationa ujxm some structural variations in C(>rtain Canadian 
^'*>»^ i foni*. I). P. Penhallow. Trans. Rov. Soc. Canada, sec. W, IHlM, pp. 
^^-^ 1 , pis. 1-4. 

*^*'orjre Huntington Williams: The minutes of a commemorative 

^*"*-t injf held in the Johns Hopkins Cniversity. Oct. II. IHIM. Pp. l-IU: 

*^^ Vim.>re, ISIM. 

^ ^ti new forms of marine Aljfie from the Trenton limestone, with ob- 

'^^^'^'ations on Iluthojrraptus laxus Hall, K. P. Whitfield. Hull. .\mer. 

^^^^S. Nat. Hist,., vol. «, pp. :r)l-:r)S, Dec. '10, ISIM. 

^dislocations in certain {)ortions of the Atlantic Coastal plain strata 
^*^U I heir probable causes, Arthur Ilollick. Trans. N. Y. .\cad. Sci., 
"^'^d. I4,»pi). 8-2C), Oct. 15, 1894. 

The nickel min<Mit Lancaster (iap. Penn., and the pyrrhotite de|Nisit 
Ht Anthony's Nose, on the Hudson, J. F. Kemp. Trans. .\mer. Inst, 
^liiiinjr Kn«jr., Hridj^eport meet in«r. Oct.. I8JM: pp. II. 

The Cretaceous Foraminifera of New Jer.sey, part II. Orijfinal investi- 
gations and remarks. Anthony W(M»dwar<l, Jour, of the New York Mi- 
cro. Soc. 181)4, pp. 01-141. 

A summary of projrress in mineralojry and iM'iroj^raphy in I8JM. 
Petro<rraphy and mineralojry by W. S. Hailey: MineraN)>ry by W. H. 
Hobbs. P^'rom monthly notes in the .\nu»rican Naturalist. 

Notes t)n a collection of .Silnriarj fo.ssils from Cape (Jeorjre, .\ntijronish 
Co., N. S., with descriptions of four new species, H. M. Ami. Proc. and 
Trans. N, 8. Acad. Sci., 2d Ser., vol. i, pp. 411-115. 

Notes on the jjeoloj^y of the western slope of the Sanj^n* de Cristo 
ranjre in CostilloCo., Colo., K. C. and P. H. van Diest. Proc. Colo. Sci. 
Sc>c.: 5 pp. and map: read Nov. 5. 18tM. 
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CLIMATIC CONDITIONS SHOWN BY NORTH AMER- 
ICAN INTERGLACIAL DEPOSITS.* 

By Warren Upham, Cleveland. Ohio. 

(Plate X.) 

CONTENTS. 

Fluctuations of the borders of the Ice-sheet durin^if both its growth and decline 273 

Early interglacial lignite on the Missinaibi and Kenogami rivers 27s 

Records of the Drift chiefly limited to the culmination and departure of the Ice- 
sheet 276 
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the epoch of general ice accumulation 276 

Temperate species of interglacial deposits during the epoch of ice departure 277 

Minnesota and Iowa. 279 

Northwestern Illinois 283 
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Toronto and Scarboro, Ontario 285 

New England and New Brunswick 291 

Division of the Glacial period in the Glacial and Champlain epochs 293 

Periods and Epochs of Quaternary time 294 

Epochs and Stages of the Glacial period 29s 

Fluctuations of the Borders of the Ice-sheet during 

BOTH ITS Growth and Decline. 
Within moderate limits the snow accumulation producing 
and maintaining the Pleistocene ice-sheet in North America 
is known to have fluctuated, now relinquishing and again re- 
claiming certain marginal tracts, as shown by fossiliferous 
beds intercalated between deposits of till. Both the time of 
general growth and the time of general decline of the ice- 
sheet were undoubtedly diversified by these oscillations. 
Stages of the recession, as indicated by the series of great 
glacial lakes on the northern borders of the United States, are 
shown in Plate X. Interglacial beds, enclosing fossils and 

*Read before the Gttological Society uf Aim'rica at tlie Baltimore 
meeting, Dec. 28, 1894. 



;#,y..r;» ,f p*»ar ^nii .iirnirt*. .tr^ r«=»pnrrt*fi ^r Dr. «t. !if. Daw-^on, 
Or. R*>»v»r* B^ll. .»nrl iriier* \{ -in* 'lanjutian «:n*?»ioir«'a! >ar- 
v«*y. :V.>ni ^ii»* P;i«'irli» Vfjij+r !n Brr.sh '.«mininia. r:ie Sii*k;iCi'a- 

at T'vrvnrr, ;»Tni '*»*Mr^*.r .. r-rv inrrfr«^nnjr f'H*»KirVrMii!* inter- 
gfi«r»-;5», ri**pr.*iir4 iif* ■1**'*it: ^»Hi hv Hinitt? ami ' oiema.i. la cli^r 
f'ni^"»*d '^r^ri»vi rii»*v nr** ••n>rtr ."intineii ro the :ipottr Xi:**!*- 
«ii>p! r^?i-»i.i. rhi* |)rint»ip»i. pna?*^ •■: ui**i7r •iev»^iopint*nr bt^in^ 
rh** \v*y'. lirtM'jrn "f«»r»»*>r h#*«1.-4" r,f rhe «irifc -i^trii*** in tjfaio. In- 
iili*t\A. I -.irn'ti-*. r»*»W!», anrt -4r.'irh»^:i:*i:»*m Minn»***«'Ca. 

In ''r\4>^f -sir^riw an impi.rranr •'»a4*i;!acion 'ff the i''»*-horder 
r/'»r»k pi;i/*^ tifip'.r th*k f'»rniarion -^f rh**- •*arlj Ean:«:ia inomber«tf 
th^ Mi-^i^i^^ippi drift **^n#»^.* Fftm the Kan^iin *tase i^f max- 
in»wm Jir^a of thfr i*r<*-'»heet. it wa.* melted bifcck probably tr> 
th^ norrh-^rn limit-* of the forest befL* in the upper Mis^^is- 
*ippi r^jfion. Ourin^ the en*iiinff low&n *tage of reidran- 
/rinse j(ia/*i»tion, in^reaiWrd snowfall and ice aeeamnlation, with 
inflow of i/*re brin^png drift from the north, ^iverspread the«e 
inf^rs(l»/^)al fore<*t*i. which had grown op to the border of the 
pr^viori^Iy retreat in j? ice. if not indeed up^^n it^ drift-covered 
mftrjfin, f>* now on that of tiie 3fala«pina glacier or ice-sheet. 

fiijrinj( all the glacial recession, interrupted after the be- 
ginning of the moraine-forming or Wisconsin stage, when the 
Iff boundary C numbered 2 on plate X> was at the Altamont 
or fir-^f moraine, by many pauses and slight readvances. which 
are marked by the knolly and hilly moraine belts, trees, 
«ihrub«<, and h^jrbaeeous plants likewise probably grew close 
to the iee- front and may here and there have become covered 
by the late Wisconsin till and moraines, as during the more 
ext^-nded lowan oscillation of the ice boundary. Mainly, 
however, the glacial fluctuations or pauses or slackening in 
iUf ntU' of retreat, whereby the moraines were amassed, ap- 
p^-ar ri(»t to have been su(fl:?ient for the envelopment of fossil- 
iferouM beds by overlying till or morainic drift. A most 

*hi 1 wi) rhupliTs (i)H>?c.s 721-775, with maps forming plates xiv uiid 
XV) of ,1. (irlkif'H "Thi* (iroat Ice Ag««." third edition. 18JM, Prof. T. C 
<!liatnl>('riiii i»ro|M>ses a elironolo^ric classification of th*^ North American 
drift iiiidi'r thn'i* lormations, named in th»* order of their age, heginnirijr 
with thf t'lirlii'Mt, the Kansau, Kast-Iowan, and East-Wisconsin forma- 
ilotm, 
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noteworthy exception seems to be found in the Toronto and 
Scarboro sections; but no interglacial fossils (excepting near 
the coast in New Hampshire) are known farther eastward in 
New York and New England, which are traversed by numer- 
ous prominent moraines. 

Early Interylacial Litjnife on the JIissinaif)i ami Kenoffami 
rivers. — The most noteworthy interglacial beds known in 
North America, among those which must probably be referred 
to the time of prevailing ice accumulation, are the layers of 
lignite, between deposits of till, observed by Dr. Bell in sev- 
eral places on the Missinaibi, a branch of the Moose river, 
and again on the Kenogami, a branch of the Albany, both 
tributary to James bay.* During the glacial retreat at the 
end of the Ice age that area was probably at first occupied by 
a great glacial lake, receiving for some time the northeast- 
ward outflow of lake Agassiz and itself outflowing succes- 
sively to lakes Warren and Algonquin by channels across the 
watershed dividing the Kenogami and Missinaibi rivers from 
lake Superior, to the lake St. Lawrence by the pass near lake 
Abittibi, and latest by the same pass to the sea in the St. 
Lawrence and Ottawa valleys. After the sea gained admission 
to the basin of Hudson and James bays, the ice being then 
melted from Hudson strait and bay, the glacial lake of the 
Kenogami, Missinaibi and Abittibi region was succeeded by a 
less extended marine submergence, which yet covered some of 
the lower localities of the interglacial lignite. It seems well- 
nigh certain, therefore, that those lignite layers, varying 
in thickness up to eight feet, belong to a time of oscillation 
of the ice-sheet interrupting its accumulation rather than its 
departure. 

Thin seams of interglacial lignite also occur on the head 
streams of the South Saskatchewan, as reported by Dr. Geo. 
M. Dawsonf and Mr. J. B. Tyrrell: J but, although these may 
be referable to approximately the same time as the Missinaibi 
lignite, they may perhaps belong to a much later stage of re- 
cession, followed by reiidvance, of the ice-sheet during the 
middle or the closing part of the Glacial period. 

*Cieol. Survey of Canada, Uoport of Progress for 1877-78, p. 40; and 
Annual Report, new series, vol. ii, 188<J, p. 380. 

jGeol. Survey of Canada, Reriort of Progress for 1882-83-84. p. 144C. 

|Ibid., Annual Report, new series, vol. ii, 1886, p. I43E. 
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Records of the Drift chiefly limited to the Culminatiok 

AND Departure of the Ice-sheet. 

Nearly or quite all the other obeervations of interglacial 
beds on this continent seem more probably referable to the 
interval between the K^insan and lowan stages of extending 
glaciation, near the middle of the Ice age, and to fluctuations 
of the general glacial retreat in the declining Wisconsin stage, 
of which successive steps or substagcs are indicated by boun- 
daries 2 to 7 on plate X. We are not, however, to infer there- 
fore that alternate decrease and increase of the ice-covered 
area were more prevalent during the decline than during the 
oncoming of the Ice age. Extensive glacial erosion and deep 
drift deposits have destroyed or concealed the far greater 
part of the records of the beginning and advance of this pe- 
riod to its Kansan stage of culmination. The earlier half of 
its history is mainly lost. All the moraines, eskers, kames, 
and valley drift, nearly all the interglacial deposits, and most 
of the striation preserved on the bed-rocks, belong to the later 
Kansan time of maximum extension of the ice-sheet upon the 
interior portion of our continent, and, in much larger measure, 
to its renewal of growth in the lowan stage and to its final 
recession.* 

Boreal and Arctic Species probably characteristic of In- 
terglacial Deposits during the Epoch of 
general Ice Accumulation. 

The conditions producing the abundant snowfall and the 
resulting ice-sheets of the Glacial period were undoubtedly 
attended with southward and outward migration of many bo- 
real and Arctic species of animals and plants, which during 
the Tertiary era had come into existence in the polar regions 
and on high mountain ranges reaching to altitudes of prevail- 
ing cold in more temperate latitudes. Accepting epeirogenic 
uplifts of the portions of the earth's crust enclosing the North 
Atlantic ocean as the cause of the envelopment of the conti- 
nental areas on each side by the Pleistocene ice-sheets, we 
shall readily see how the cold-loving circumpolar and alpine 
fauna and flora of preglacial times would spread outward over 

♦Compuro the Twenty-second Annual R<'|K)rt of the (jieol. Survey »f 
Minnesota, for 18SKJ, pp^ JU. 41: Bulletin, Geol. Society of America, this 
vol. VI, p. 21: and Prof. T. C. Chamberlin, in **The Great Ice Age" (J- 
Geikie. third edition, 1894), pp. 753, 754. 
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all the areas which at the culmination of the uplifts became 
ice-covered. In the higii plateau climate of these lands, their 
previously temperate species would be driven out or survive 
only in sheltered valleys, while the greater part of the coun- 
try would bear forests of the boreal conifers or probably be- 
come even too cold for any timber growth, like the "Barren 
Grounds'' of our far northern and Arctic regions and the tun- 
dras of Alaska and Siberia. It is therefore probable that the 
species of interglacial deposits formed during the times of 
general but fluctuating growth of the ice-sheet must be pre- 
dominantly boreal and Arctic. 

But if any deposit during the stages of general ice accumu- 
lation shall be found to contain chiefly or solely species now 
restricted to temperate regions, they may be regarded as evi- 
dence of a geologically sudden uplift and change from a mild 
climate to deep snow accumulation, yet with some variability 
of its limits; or, less probably, they may represent some ex- 
ceptionally sheltered spot where a remnant of the former 
plant and animal life, surviving the general climatic change, 
was finally overwhelmed. 

Temperate Species of Interglacial Deposits during the 

Epoch of Ice Departure. 

With the subsidence of the ice-burdened lands to their 
present altitude or lower, which is well ascertained to have 
been true of the time of departure of the ice-sheets, very dif- 
ferent climatic conditions ensued. On the high expanse of 
the ice there still reigned an Arctic severity of cold. For 
some time, as shown by Le Conte, the snow and ice accumu- 
lation went on faster than the subsidence, causing the maxima 
of the land depression and the thickness and extension of the 
ice during its second or lowan stage of general growth to be 
nearly contemporaneous. While the central parts of the ice- 
covered areas had sunk probably four or five thousand feet 
from their preglacial altitude, the borders of the ice in the 
northern United States were lowered apparently in general 
about half as much, thereby sinking closely to their present 
levels; and this sufliced to turn the balance from glacial 
growth to a beginning of the final retreat. The summer heat 
and rains on the glacial boundary, when reduced from its for- 
mer hight, melted away the ice margin faster than it could be 
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replenished. This process, after interruption bj the lowan 
stage of renewed cold and gathering of snow and ice on a 
large region of the Ohio, upper Mississippi, and Missouri 
river basins, gradually extended inward, giving steep gradi- 
ents of the ice- front which formed moraines whenever a series 
of exceptionally cool years and unusual snowfall allowed any 
pause or readvance. The whole ice-sheet, through the con- 
tinuance of its peripheral melting, disappeared; and mean- 
while the land on which it had lain, being unburdened, was 
moderately re^levated, in obedience to its law of isostasy, 
proportionally with the glacial melting and retreat. 

The Arctic plants and animals, which had flourished near 
the borders of the mainly increasing ice-sheet while the land 
had its great preglacial altitude, could not endure the Late 
Glacial or Champlain depression of the land and then found 
refuge only on cold mountain summits, as of the White 
mountains in New Hampshire, which have about fifty species 
of otherwise solely far northern and circumpolar plants. 
Even closely adjoining the margin of the ice-sheet during its 
departure from the northern United States and southern 
Canada, the fauna and flora, as shown by the interglacial 
beds of Toronto and Scarboro' and of southeastern New 
Hampshire, marking temporary glacial reiidvances, were pre- 
dominantl}' of the same species which are now found in those 
temperate latitudes. The warm climate which melted away 
the ice-sheet from these areas had principally banished the 
frigid and exclusively northern species and had brought back, 
as fast as the ice retreated, the vegetation and the animal life 
that hifve continued through the Postglacial period to the 
present day. Evidence of such a general return of warm or 
temperate climatic conditions, near the boundaries of the ice- 
sheet while it was receding with occasional wavering oscilla- 
tions, is afforded by the interj^lacial beds of the upper Missis- 
sippi region and the north side of lake Ontario; and these 
conditions are now repented on the border of the Malaspina 
ice-sheet. 

Previous to Russell's observations of this Alaskan piedmont 
glacier, now being fast melted away, with its formerly engla- 
cial drift exposed by ablation on itsouter part as superglacial 
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ilrift and bearing a luxuriant growth of coniferous foreet 
trees up to three feet in diameter, dense thickets of shrubs, 
and many herbaceous flowering plants, the occurrence of such 
temperate species of plants and animals in interglacial beds 
was commonly accepted as proof of the retreat of the ice- 
sheet to a great distance and an ensuing long reiidvance. It 
is now seen, however, that any climatic change producing a 
reiidvance of the Malaspina ice-sheet, though only enduring 
through a few years or decades and sending the border for- 
ward to any small extent sufficient to cover portions of its 
marginal flora and fauna, would be recorded by temperate 
species enclosed between deposits of glacial drift.* Many 
of the features of the Pleistocene drift formations in our 
northern states, especially of the eskers and stratified valley 
drift, indicate that the recession of this part of the North 
American ice-sheet, under the warm Late Glacial or Cham- 
plain climate, was more rapid than the present retreat of the 
Malaspina and Muir glaciers, the contrast being probably as 
great as between the present mean temperature of the Alas- 
kan coast region and that of the upper Mississippi and the 
Lauren tian lakes. 

Jlinnesota mul loirn. — Remnants of an interglacial surface 
soil, trunks and limbs of trees, deposits of peat, and stratified 
sand and silt containing fresh-water niolhiscan shells, at one 
or several definite horizons, between sheets of till or unmodi- 
fied glacial drift, are shown b^' wells and by borings for oil 
and gas upon an extensive area which stretches from Ohio 
westward through Indiana and Illinois to Iowa, and thence 
northwestward through southern Minnesota into South and 
North Dakota. 

The most elaborate study given to any part of this area is 
by McGee in northeastern Iowa, where the forest bed, from 
one to five feet in thickness, is found to be practically con- 
tinuous on tracts ten to twentv miles or more in extent, oc- 
eurring commonly at the junction of distinct sheets of lower 

*Mort' extended comparison of tho Alaskan, CJreonland, and Anlarc- 
lic ice-.sh«els with those of the (xlacial period in North America and 
Kuroi)e is presented in the iiulletin of the Geol. Society of America, 
vol. IV. 189:i, pp. 191-204. 



, ' - • • ' - - 



1 . i-j: 



•r r Tr 



\r ■ -..,. -, 



_, T 



•- f — 1 - I . 






I -■■ 



^ I" 



.^ f 



- - . • - — « 1 ■ »- ~ "V - — 7. 



'i.f 



- • I 



'< r ■' 



I • ■• 



-■ ■ -.T-.r- .- •.. .:\*rr:r.:i'':a: -^Ti. -iT-r i •- - ••.-■^- 
. . « .;,--..,.,^ Trt-"-. *■ i-V .-. n-i^v;. -. • ;. : M--- 

• ■■" ' ♦♦■ :..;.'-- :. -T' : ' - I -.i"! ^i:. 

.'f^.r • .-. '..jfi.v ::;•■ ^tiiir- :..r'--r .t.-..; .i .-.- • r■♦• 
-......-f;- ,.: v.-..- I- ;.ir :.-'rt!iWf-*twuriL u- r* "it'T* 

'■ 'r..:: •• ,- .'.■•rtii'.v*--?! •■••r:.^-r "i i-'-vi. .* : ...- :::i'-i 

:rr -A- .- -.- i t'. - '-v.iL'!! i *:; .:.Lrr:i!:i«*i;i. \*m 

' I'.'.Ji ' ■ '. - *.:-:•- ■-. _; .••■•..n .-'•'-'— fi* ;■-. .■*•«!- 



» I • -|. 



■ i-»r 



I !• ! '' 



"»■. 



■ I 



_". .r:- ■•.!:. L • .1' i>.i :::'-"*^ i..ir . * ...'■— ... :♦•* 

■■■• • ^v ;• ■ ■ . I ii- \ .. .1 . tiiri ••;j;i(v 

•■■I. .'-.lili.:!!: .:.;i::V -Hi;!;! J't «r{«-r"l»' .ii 

•-r ' • , .- . M,'"!.--:i L ■•.\:i-n.i'. ^\ :::^::: 

■■•■■■ '.V • - ._■.•"* I .■'•;i«*i;. :: "":■■ - . :":' -i i .ii i - 
■ '•-.l: -ii'.-ii ■• 'i"* A - :'♦- .'li-ti, . Ill 

1 I— : Mil -.■ . j II--. . ,; . r » 1 , ^ ^1 ; I ;(;^i I- ;: "■ i- 

. '• 1 - • . 



I 1 1 • ' 



I .' 



. I •> , •« 



- » . ■ i« . 



aT: ^-Jtrijf-r and intf^r^iarial liikr with r»nr.flr»w snurhwHril whi«yi' 
Inkt A£:u*«i7 afttsrwiird cmr.il(»Wf(i rf» the 'Mi!mi»*4or4i and l*Ih» 
^:?^fiJ^].i rivt-rfi. iiiitilthf (uitlei wii*; (Jfc^ply c^rndc'd or n vcrv 
fir r<-tr<!in (►I liif )o<'-ti(ir(lf*r To thr iM»rih iiDftWi'd frpf drnhr 
*2"<- ^■»^lLk^ it-F coiir***' a^ ii(»w to !Hnd<<on hnv. Vii^W«r T.bi»>»r 
c««ndi"n'iiii*i Tki< irrowtki <»f iin iTiicrirlHcial forf*«i nt *Barm»♦'•^'i^^ 
w..;!id ini|«;T f»r(»hahlT i.hrcf to *;i\ tjn^f•^ morcfrWrfiiil mohiti^ 
and rfCf*t^i'»ii than oi.b<Twif»<' wcmld <iuff»fr u> ikttmuiI IV»r xhv 
iii'»>T ii'»rTbt-rii of thf»fl<- c^lw^ervcd inw-rrlitfii*! dc*p<"»*.iT*i. \\ 
ibrTrf'-Tf- •^♦•f HI*- to ID*- Tb(*Tv \WiA\ tliHl durJTi^ l.hc ^litr-jul vo 
trrJiT Wtween tbt- KaDsaf^ h7»d ](»wj*ti Mji^f* or ('p«vh*i of '{he 
Gi»-ciiij ]»*-ri<id tht- j»r*tfHTiT hafiiii of thf-Ki-d rivrrof thr NV>H*H, 
wh:c}i m-ii* ]nt.er o^fiipi<«d bj liike A|r«<»ftiz. hud « f-onsidrrnhlv 
grrJitier aJiitod*' thuii Dt»w, ntaiTiin^ n p*rt, proh^My a lur^r- 
pan. of 2:> prt'|rl«»^iiil ^levatioTi, jind ihut it m*ns ihii* h Ihtn^ 
surfact- with *iC»utbTirard d<r<»o<Tit and frec' druiunpv' nhntj^lh/' 
Minne>'»tji rirt-r t»11<-t to th<' Mi«<i#»^ippi, Tbo r<v^«ti<Mn of 
thf ice-^bt^t before it>: lowau «tji^* of ronrmfni ^ro>*th rc\A\ 
then have re»eb«i oti]t t<» the ^»utbern \Mkr\ of ihr* K<hI rivrt 
valley, instead <»f the |rreat farther diMan<v to l^m^#*<^n ^'vay 
which I fi»rraer]y ?upp«ae<i in writing of iho#<» intcrjjlaoial tW- 
posits in the repctrti^ of the >linne^>ta C»e<*l<>^ioal Survey.* 

The erosion of numentus and larp* intorjjlaotal siT^^jiw 
courses in the earlv Kansan drift shoot of southern MinnoM>l4i 
and northern Iowa, including the Minnesota rivor valloy and 
its continuation past Brown's Valley and ahovo tho prr*ont 
bed of lake Traverse, channelled then* appartMUly al>out ftO 
feet below the general surface of the adjoining ct>untry to tho 
level of the Herman or earliest and highosl beach of lake Ag- 
gasiz.f and the deposition of thick and extensive interglaciAl 
beds of sand and gravel observed at widt'ly separaled b>owlt- 
ties along the Minnesota valley.* find full expbination \\\ ihli^ 
retreat of the ice-sheet to the vicinitv of Harnesville and 



*Ci«H»lo^y of MiniH'sota. Final Kf|H»r!, \«»I. i. ISSI. pp. |0\\ (Oil. IfUl. 
470-485. .167, 511,5.Vi. 580. 5S1. ."iS-Vti. iMn*. <»•,»."»: \ul. 11. ISSS. pp tas. tStt. 
KS7, W.), Am. 521). 555. (5()!>, (MiS. 

IProc. Am. Assoc, for Adv. of Soii^nco, v,»l \x\ii. ft»r lS8:i. pp. W! *»\»; 
(m'oIojjv of MiniK'sola, vol. i, pp. 4riMS5. 50?, 5S(): \«i|. n, pp. \\\\, \\% 
210. 5li)-.>25. 

^Proc. \. A. A. S., 1. c. (hm)1. of Minn., vol. 1. pp.5S|.:»S».n'»5. \o|. u. 
pp. i:n. 171. 172. 
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North American Tnterfjhicial Deposits, — Upham, 283 

of the ice-front at Chaska, Minn., in the lower part of the 
Minnesota valley, across beds of stratified clay containing 
large Unionida shells, in such topographic and stratigraphic 
position that these mollusks are shown to have become al- 
ready well established there in a congenial habitat, with fa- 
voring climatic conditions, while the ice was receding between 
these late marginal moraines.* The forest bed and associated 
molluscan shells before noted record a great interval of glacial 
retreat and reiidvance, measured by hundreds of miles; but 
the Chaska fossils doubtless represent only a small oscillation, 
probably no more than a few miles and possibly even less 
than one mile. 

Northwestern Illinois, — Recent studies of the Pleistocene 
formations in the basin of the Pecatonica river, in northwest- 
ern Illinois, by Mr. Oscar H. Hershey,f show that the mol- 
luscan fauna living there in creeks and rivers during the lat- 
ter part of the interval following the Kansan formation and 
preceding the lowan formation, which was accompanied by 
extensive loess deposits, comprised, so far as it is represented 
by a collection of six species, only the same shells which are 
still abundant in the fresh waters of northern Illinois to-day. 
The many air-breathing and fewer fresh-water molluscan spe- 
cies in the loess have also all continued to live in the same 
region to the present time. Mr. Hershey's paper is of special 
interest in proving that after the growth of forests and the 
existence of mollusks betokening a climate nearly the same as 
now, while the conditions of gravel and sand deposition in the 
valleys implied a slightly higher general altitude of the coun- 
try, there ensued a great depression toward the end of the 
lowan time of reiidvancing glaciation and during the closely 
following glacial retreat with its abundant deposition of loess. 
This depression is thought to have been near the end of the 
Glacial period. In another paper, J Mr. Hershey estimates 
that the cutting of certain rock gorges in the same district, 
referred to the time between the Kansan and lowan forma- 
tions as these are subsequently named by Chamberlin, re- 
quired this interval to be much longer than the Postglacial 

♦Geology of Minn., vol. ii, pp. 13M84, 141-144. 
fAM. Geologist, vol. xv, pp. 7-24, Jan., 1805. 
JAm. Geologist, vol. xii, pp. 314-323, Nov., 1893. 
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period or to have had far more favorable conditions for stream 
erosion. 

Southern Illinois, Indiana, and Ohio. — The earliest records 
of observations of interglacial forest beds in Ohio and other 
states farther west were made thirty years ago by Whittlesey; 
and the reports of the several state geological surveys since 
published contain plentiful notes of the occurrence of these 
beds between deposits of till, summaries of which have been 
included by several authors in their discussions of the drift* 
The most recent of these discussions is by Leverett, who has 
traced a large series of marginal moraines through these 
states. His paper, accompanied by a map of the moraines in 
eastern Indiana and western Ohio, enumerates the glacial and 
interglacial stages in their order as follows. 

1. A glacial stage during which the ice-shet»t extended farther south 
in this region than in any later stage. 

2. A long stage of deglaciation marked by development of soil and by 
attendant oxidation, leaching, and erosion of the drift. 

i\. A stage of silt deposition during which the highest points in south- 
western Ohio apparently became covered at flood stages. The region 
then stood probably several hundrt»d feet lower than now. From evi- 
dence gathered farther west, the silt deposition seems to have accom- 
panied a glacial stage whose deposits are concealed in this region by 
later drift sheets. 

4. A glacial stage, during which the outermost well-defined frontal 
moraine was formed, with as good attendant drainage as is now afforded 
in the western Ohio region. The drift of this stage is concealed in 
eastern Ohio by the later moraines. The main streams at the time of 
this glaciation flowed at levels 200 feet or more below the level of the 
upland silt. 

5. A stage of deglaciation of considerable length, with altitude some- 
what as at present, indicated by valley excavation. 

0. A glacial stage characterized by sharjily indented morainic ridges, 
with such elevation and slopes of the land as to give more vigorous 
drainage than now, not only in Ohio, but as far to the west as the mo- 
raine has been correlated. The ice-sheet reached about to the glacial 
boundary in eastern Ohio, but fell short many miles of reaching the 
boundarv farther west. 



*('luirles Whittlcscv. Smithsonian Contributions. No. 197, vol. xv, 
18(>4, pp. i;m.'). 

.i. S. Ncwlu'rry, (lecilogy of Oliio, vol. ii, 1874, pj). 30-:^3. 

N. H. Winchell, Proc. Am. Assoc, lor Adv. of Science, vol. xxiv. fur 
1875, Part ii. pp. 4:{-5(>. 

(i. F. Wright, The lee Age in North America. 1880, pp. 475-400. 

Frank Leverett. .lournal of (Jeoloirv, vol. i, pp. 129-140, with map, 
Feb.-March. 1803. 



7. A fflacial it.tirv chArieti*ru»*<J bj mn.-nfc; b :■« r.^ii^'S^'j-f *JB:^.«i6h ojri- 
tour. This stair** »*mbmc»f:* th*: ShaI ♦lL«fcpt;.«*ar4BO* <>f nh-? Kv-^^^t fpDin 
Ohio. A d»rtfI.ici.ition int:*»rv:i] i-^ br", -•"*'? r-^ b-iiV-* pnr<f*^.*tl it^ but d**- 
cisivtr evid«*nc«? iQ supf)i>rt <•' i:hi> vifw i* Qi..« -..Jxaj B»ril. EKiritrjC th*» 
foimaiioQ of thie^* Ut*-r in<>riia**s ch*- i^n*i ha^i ilq »lcica<l«r <^imtF«r to 
that of u>-Uav. 

The first of these time diTi«i*>tt* seems t^* the present writer 
to be the Kansan stage: tae se«^^Q<dL the istenral between the 
Kansan and lowan stages, including the growth of the f«)rest8 
which form the principal interglacial forest beds: the thini, 
the time of land depression and retreat of the ice-sheet, with 
deposition of its lowan till and U^ess, after its lowan stage of 
increasetl area, the siit in Ohio being contemporaneiuis with 
the loess in the Mississippi and Miss4:»uri vallevs: and the 
fourth to the seventh, successive parts, comparatively short, 
constituting together the Wisconsin or closing stage or ejHK?h 
of the Ice age in the northern United States, according to its 
subdivision proposed bv Chamberlin. The depth »»f the leach- 
ing by which the calcareous matter of the interglacial soil and 
subsoil in Ohio and westward was removed during the inter- 
val between the Kansan and lowan stages is found bj Mr, Lev- 
erett to be seldom less than six or eight feet, while the pres- 
ent soil is rarely leached to so great a depth as six feet. In 
both cases the measurements are in till of closely similar 
character. An earlier paper by Mr. Leverett* gives the dis- 
tance of the interglacial recession known by this ancient soil 
and the accompanying forest bed as not less than 250 miles to 
the north from the southern margin of the drift in Illinois, 
and nearly 150 miles to the north from the outermost mo- 
raine of the newer drift. 

Toronto and Scarboro, Ontario, — An excavation in the strat- 
ified drift and till for brick-making beside the Don river in 
the suburbs of Toronto, on the northwest coast of lake Onta- 
rio, recently described by Prof. A. P. Coleman, f has yielded 
many fresh-water mollusks and wood of three species of trees. 
The mollusks, as determined by Dr. W. H. Dall and Mr. C. T. 
Simpson of the Smithsonian Institution, comprise Pleurocera 

♦Proc., Ik)Ston Society of Natural Hisforv. vol. xxiv. pp. 45.V-I,'^0, .Ian. 
1. 181)0. 

fAM. Geologist, vol. xiii. pp. 85-95. K<-b.. 1894. Th<* following' tlis 
cussion of this paper whs coniribiitod to the (ilacialistK' Ma^axinc, vol. 
I, pp. 236-240, June, 1894. 
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r$ i'l ' -«. ,» -f -•^*^«:», ib3iC lyt— ^fff ^. p^Ui^mm: Valrata sin- 

" ' L. ^/'M" • ff m. *• — 'f- 4 • » : f *^^«J«^«*. ^. clams, r.p«- 

•• #*-»^„ uii :-* -nLT. •r- i.f.f/ryv^-.. C <^rri4tms | ?). Z'. lu(eoht, 

» 0't i f-ft^ r" -^fr-"*.*. ?"_ •'■•^***j. afid V. soiidms. All the 

-szt^^.-r* I-- -id -r— T;£. ijii »; >ft^ tante of the L'nios and one 

pj*-i_- t**r^^ tTC»r-*^ 3- 1* x--^ r*5trirt«i to vatere tributary to 
"Li*^ 31 -.-r*-*^/:*:*- a:i»£ tLr* i.<u s^^ymr± i» the prw^nt faoDa of the 
^1 Lavt^^.^t -^ lAjy- Ar>e*- T%*e three trees whose drift- 
Tr>«i •*-- -r* ix "JL^ faji-«- L*T*^r wrtk these *hell«, are identified 
-T p.. f 2v ?- P-miaI.vjt -f lf«0:II Tairereitv, Montreal as 
I r tit T . 7 F'f .' » ta :» r fr^r t /*»«> *#. fy^€rrm* obtusiioha. and 
.^ -*'-._ T-»r. •''#'■*>-##**- The first and second are 
Z.TI z: r T :- !• r;: -r'^ C'f ?*:-Qtheni Ontario, but not farther 
r:tir»ni_ Ti:.-r ::i* :Ji:ni r^firur? throughout the greater part 
*1 tri it. T::-r •^-t: •- ^^pf-Iring the^e fossils includes the 
. -i^i-Z 't*e»i* :- •i'*-?<*e-'G:rg order: 

Fe€t 

"^iOjiTr *-: . - ■ : w^i 17 :.-:n»i.s^t fnx n-ir »:t3 boc'dkrs 5 

rt-i-T "i-r: : r ~i jj-*-: -i. rir*-:-: * ^at Tr.tc^j b«::^-cofc':<rd brrck> <>9 

r. r .*-!_;* 1 :- 1.-1 ; : ii'. t:^':i iz-artc s.fc£3C mi brxk H 

r;-- *•:_*" -. : :•» f^ir irri sa^: 4 

E i- :i. :4.-i-: :.* :_i-:. ■• tr jrtir? ±ii:*s 3 

hr.»- iir-i KZtZ ir-iTt*-. <-'.-«-a^ tis< irxsitisa^ «-.tik tkia layers of blue or 
"'!'— I «^ — ' i*f ■*" rt'^r-i.'? . ..... ..... .... ...... ................ • 1- 

h .t '.' -. Z/ir-z k- '. ••.:t rTr.it*-; rcT ier? ^ 

H-l*. ' r -.*r ?-.i -r*. -:irr.-i :: —ac^ z»:i rrd pres»«i brick 30 

T:»ta 14I 

The ba«e of the «ecli'>n is at the level of the river, which is 
neariv that of lake Ontario. 247 feet above the sea. Immedi- 
ately above the l^wer b.»ulder-clay, at a height of 280 to 298 
feet afxive the present sea level, the fi>ssil shells and wood 
were found : and evidently the Unios in the lower part, rest- 
ing direetly on the till. f>ccupy the place where they were liv- 
ing, wince they have not been waterworn, but retain their 
dark epidermis, and often have the two valves unit<Kl. 

These observations are believed by the present writer to 
i*how that the ice-dammed lake Iroquois, the Late Glacial or 
r'hamplain representative of lake Ontario, stood first, when 
drainage was obstructed by the ice-sheeet at boundary 5, 
plate X, at a level not more than 30 or 40 feet above the pres- 
ent lake. There next ensued, probably, a gradual rise qf the 
lake, due to an uplifting of the country about its oi|tIet at 
Home, in central New York, flowing to the Mohawk and Hud- 



recede rar»idlr rx*rthwar\i and b* immediatekT f^^I^mc-ti ^t 
ferlililT of Tee^eiAti-'-n and ••f ariicBal iife. 

At a »4r*inevbat later liaie than that repre#enietl bv the Tt>- 
ronto and Scarboix*' f«>*!*ilifen>u« mr<ltfied drifts when the ie^- 
sheet had $<• far reeeded a« t«'> uneover the Ottawa and St. 
Lawrence Tallej^. which then became filled with the far morr 
exten^ire Gulf ^•f St. Lawrence to lake f'hamplain, a^mtM^t to 
the mouth of lake Ontario, and to AUumette inland of the Ot- 
tawa river, 75 mi3e« above the citv of Ottawa, the pre^rnce of 
a flora including forefft«. and a marine fauna, nearlv like 
those of to-daj in the St. Lawrence region. ii« known, m^ i^\ 
fully described br Sir William Dawson in hi« recent work« 
^The Canadian Ice Age.** and in his many earlier papers, by 
their remains in the Leda clays and Saxicava sands, deposited 
during the short interval between the glacial retreat and the 
reelevation of the land from its Charoplain subsidence. 

In a limited sense the Toronto fossils mav hv callett inter- 
glacial, as the term is used in the present paper, since chey lie 
between deposits of glacial drift; but they S4*em lH»tter re- 
ferred to moderate oscillations of the i«*e boundary, during its 
general retreat after the lowan stage, that is, t«) n time dur 
ing the Wisconsin or moraine-forming stug«*. rather than to 
the distinct glacial epochs which <'oleman infers from them. 
Both these beds and the richly fossiliferous I^*da cliiys. which 
last everywhere overlie the latest glacial drift, iiiny Ih» re- 
ferred to the Champlain or closing epoch of the Ice age: and 
they both testify of the close sequence of a warm climate, with 
luxuriant plant and animal life, immediately after the ice re* 
treated. 

Professor Chamberlin, writing of these Toronto and Scar- 
boro* interglacial fossiliferous beds since my study as given in 
the foregoing paragraphs but previcMis to its publication, has 
referred them provisionally to the interval between his lowan 
and Wisconsin glacial drift formations; and he thinks that a 
readvance of the ice-sheet to the most western and southern 
of the Wisconsin series of marginal moraines drove out the 
mollusk species which were mentioned as now limited in their 
geographic range to the Mississippi river basin.* Concerning 
this hypothesis, it is to be remarked that we have nowhere 

♦**The Great Ice Age/* third ♦><).. 181M, pp. 765-709. 
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reforri'd to existing SfH^cies, but the nearest allies of not a few of them are 
to be sought in the Lake Sui)erior and Hudson Hay region, while the 
larger part are inhabitants of Canada and the northern Unitetl Slates, 
or the general district in which the dejwsit occurs. In no sinirle in- 
stance were any special affinities found with any characteristically 
southern forms, though several are most nearly allied to species found 
there as well as in the north. A few seem to be most nearly related lo 
Pacific forms, such as the Klaphrus and one each of the sfK*cies of Pla- 
tynus and Pterostichus. On the whole, the fauna has a boreal aFi>ect, 
though by no means so decidedly boreal as one would anticipate under 
the circumstances. 

It seems quite certain that the fossiiiferous beds of these 
two localities were approximately contemporaneous, and that 
the glacial reiidvances pushing westward and forming the two 
thick boulder-clay deposits in Scarboro' brought only thin 
and discontinuous boulder-clay beds in Toronto. Much of the 
stratified clays, sand, and gravel, may have come from engla- 
cial drift of the neighboring ice-sheet on the northeast, being 
brought by streams from its melting; while the driftwood 
and leaves of trees, and mosses of peat bogs, growing within 
a few miles westward, were contributed to the same deltas by 
streams flowing from a wooded land area bordering the ice, 
such as Russell found adjoining the Malaspina ice-sheet in 
Alaska and even extending its forest growth several miles 
upon the drift-covered margin of the departing ice. The gla- 
cial retreat from the northern United States and southern 
Canada, after the culmination of the depression of the land, 
with which the lowan stage of glaciation terminated, is known 
to have been geologically very rapid ; and the warm climate 
which caused the ice-sheet to be fast melted away appears to 
have permitted a temperate fauna and flora, similar to those 
now found in the same latitude, to follow close upon the re- 
tiring ice-border. Another excavation in the Toronto drift 
has supplied a maple leaf named Acer pleistocenicxim by Prof. 
Penhttllow. and wood which he identifies as Asimina triloba 
and Ubmis recemosa, species which now have their northern 
limits in the southern part of the Province of Ontario. When 
the land had its Preglacial and Glacial high elevation, a se- 
vere climate prevailed along the border of the ice-sheet at its 
times of growth ; but with the depression of the country be- 
neath the ice burden, a great change to nearly the present cli- 
matic conditions along the glacial boundary caused it to 
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New York. vi»l. viif. \^'i'. pj.. l4:*-iri| F. J. H. M»'rriII. m Annals ,»r ih-- 
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thick Scarboro' stratified beds were evidently arausBed as a 
delta, probably too in a lake of gradually rising level, and the 
origin of so large a supply of sediments seeius referable only 
to their derivation chiefly from englacial drift exposed by 
ablation on the margin of ice-fields within the drainage area 
of the delta-forming streams. In this tract of confluence be- 
tween the great eastern and central lobes of the Laurentide ice- 
sheet, represented by the angle of the drift boundary at Sala- 
manca in southwestern New York (plate X), there undoubt- 
edly was brought an exceptional volume of the englacial drift 
by the confluent glacial currents. 

Xetc England and Xew Brunswick, — In all the region east- 
ward from Toronto fossilifercius beds recording glacial oscil- 
lations are known to me only in southeastern New Hampshire, 
a few miles back from the present seashore, where white pine 
trees grew and bore cones, and the common marine mussel 
[Mytilns edulis) existed, close to the waning border of the 
ice-sheet, which made a short readvance covering these fos- 
sils;* and in the neighborhood of St. John, N. B., on the 
shore of the Bay of Fundy, where Chalmers describes alterna- 
ting deposits of unstratified boulder-clay, or till, and stratified 
day with a few pebbles and boulders, both occasionally con- 
taining Yoldia arctica in abundance, while several other spe- 
cies of shells are less frequent or rare.f 

Chalmers shows that the St. John interglacial beds were 
formed at or near the margin of the ice-sheet, and beneath 
the level of the sea, when the land relatively stood 100 to 200 
feet or more below its present bight. Several times of local 
retreat and readvance of the ice-front are clearly indicated. 
The shells of the stratified portions are in sifv, but the till en- 
closes littoral species which were probably pushed forward by 
the ice and mingled with the deep-water forms. All the spe- 
cies belong to the present arctic or subarctic marine fauna, 
and this Yoldia, now restricted to polar seas, thrives especial- 
ly near the mouths of muddy streams flowing from glaciers. 

In the till of drumlins near Boston Prof. W. O. Crosby and 
Miss Hetty O. Ballard have very recently noted rare glaciated 

♦Warren Upham, Geology of N. H., vol. iii, 1878. pari in, p. 163. 
fBulletin, Geol. Society of America, vol. iv, 1893, pp. 3(U-370. 
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Sankoty head on the east shore of Nantucket* and in Ganii- 
ner's island. f So recent was the Ice age that none of these 
preglacial molluscan species have become extinct, nor. with 
very rare exceptions, undergone any noteworthy change. 
Division of the Glacial period in the Glacial and Cham- 
plain EPOCHS. 
Seeking to subdivide the Ice age with reference to its dy- 
namic causes and its secular fluctuations in climatic condi- 
tions, we find, first, a long epoch of general snow and ice ac- 
cumulation, interrupted, at least locally and temporarily in 
its early part by moderate oscillations of the glacial boundary, 
and including, after the ice-sheet attained its maximum Kan- 
san stage in the Mississippi basin, a long interval of extensive 
retreat of that part of the ice-sheet, followed by renewal of its 
growth until it again reached far south toward its former 
limits. This part of the Ice age is well denominated, from its 
envelopment of the land by ice-sheets, the Glacial epoch. Its 
chief cause I think to have been uplifts of the glaciated re- 
gions thousands of feet above their present height. Its grand 
subdivision in theKansan, Interglacial, and lowan stages, may 
have been due to the climatic efi'ects of the last two passages 
in the precession of the equinoxes, with accompanying nuta- 
tion, bringing the winters of the northern hemisphere in aphe- 
lion about 30,000 years ago and again about 10,000 years ago. 
The intermediate time of the earth's northern winters in per- 
ihelion would be the stage of great retreat of the ice margin 
in the upper Mississippi region ; but eastward, from Ohio to 
the Atlantic coast, there appears to have been comparatively 
little glacial oscillation.* This explanation accords with 
Prof. N. H. WinchelTs computations from the rate of reces- 

♦Desor iind Cabot, in the Quarterly .Fournal of the (xeolo^ical Socioty, 
London, vol. v, 1849. pp. iUO-344. partly niiotcd by Packard in Memoirs, 
Boston Soc. Nat. Hist., vol. i, pp 252-M. Verrill and Scuddor. Am. Jour. 
Sci., HI, vol. X, pp. 304-375, Nov., 1875. 

fSanderson Smith, in Annals of the Lyceum of Natural History of 
New York, vol. vni, 1807. pp, 149-l.il. F. .1. H. Merrill, in Annals of the 
N. Y. Academy of Sciences, vol. iii, 1880, j). 354, with sections on Plate 
XX vn. 

Also see papers by the present writer. Am. Naturalist, vol. xrii, pp. 
489-502. 552-505, Aug. and Sept.. 1879: Am. .lour. Sci., Ill, vol. xviii, pp. 
81-92, 197-209, Aujf.and Sept., 1879; Proc. Roston Soc. Nat. Hist., vol. 
xxrv, pp. 127-141, Dec. 19, 1888 (also in Am. .lour. Sci., Ill, vol. xxxvii, 
pp. 359-372, May, 1889). 

tJ. D. Dana, Am. Jour. Sci., Ill, vol. xlvi, i>p. .T27-330, Nov., 1893. 
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Bion of the falls of St. Anthony for the Postglacial or Recent 
period.* and with his estimate of the duration of the inter- 
glacial stage from the now buried channel which appears to 
have been then eroded by the Mississippi river a few miles 
west of the present gorge below these falls.f 

Next ensued, initiating the second and shorter final epoch 
of this period, a widely ext<5nded depression of the ice-bur- 
dened land, until mostly it had somewhat less altitude than 
now. Temperate and warm climatic conditions on the ice 
border, nearly as now on the same latitudes, then melted away 
the ice rapidly; its till and loess were deposited in the reces- 
sion from the lowan stage; the partially unburdened land 
began to rise by a moderate uplift, approximately propor- 
tional to the glacial melting and nearly keeping pace with it; 
and conspicuous belts of morainic drift were amassed wlien- 
ever the steep waning ice-front slackened its departure, or 
halted, or for any short time reiidvanced. This general but 
fluctuating retreat of the ice-sheet, constituting the Wiscon- 
sin stage, divisible into minor stages as shown in plate X, un- 
covered all the country and was the closing or Champlain 
epoch of the Ice age, so named from the marine beds in the 
basin of lake Champlain and along the St. Lawrence and Ot- 
tawa valleys, by which the vertical extent of the subsidence 
terminating the Glacial period and of the succeeding rei^levn- 
tion is measured. 

The following table, from my recent discussion of the time 
divisions of the Quaternary era,* shows the relation of the 
Glacial period to the earlier and later parts of this era, the 
arrangement being in the descending stratigraphic order of 
their geologic formations. 

Periods <wd Epochs of Quaternary Time, 

PSYCHOZOIC DIVISION \ RECENT PERIOD \ ^T^^L^'l^OCh^''^ ^^''''^' 

( GLACIAL PERIOD \ g^'etocr''- 

Pleistocene DIVISION -: , i Epoch uf great elevation and ero- 

I Lafayette PERIOD. .. ^ sion. 

I f Lafayette epoch . 

*(.M*(»L Hiul Nat. Hist. Survi'y of Minnesota, Fifth An. Rep., for 1S76. 
pp. 175-1HJ>: Final Re|M)rt, vol. ii. 1S88, pp. :n:i-:Wl. with fifteen plat«»s 
(virws showin*; recent chancres of the falls of St. Anthony, anil ma|>s). 
Quart. .lour. (ieol. S<>c., London, vt»l. .\xxiv, 1878, pp. 880-JK)L 

f.\M. tiKOUMiisT, vol. X, pp. OD-HO. with three plates (sections and a 
map). An;:.. 181>2. 

JAm. Naturalist, vol. xxviii. pj). 979-1)88, Dec, 1894. 



Tht Tacotitc ur Lotrcr Camhrian, — WruckefL 



295 



Chamflain epoch 
(Land depression: 
disappearance o i 
the jce-sheet: re- 
elevation of the 
land.) 



WlSCOXSim STAGE 

(Progressing le-rl- 
vation. - 



From the review of the glacial and interglacial stages shown 
bv interbedded till and f(»ssiliferous formations in North 
America, which has been attempt^ in this paper, the rela- 
tionship of the minor time divisions of the Glacial and Cham- 
plain epochs, under the helpful new nomenclature of Cham- 
berlin, may be formulated provisionallv as follows, the order, 
as in the former tJible, being that (»f the stratigraphy, s<» that 
for the advancing sequence in time it should be read upward. 

Epuckjt and Sfoge* of tht GUtrial period. 

Moderate re-ele\ at ion of the land, advan- 
I cing a« a pemianrat ma\e from south to 

ni>ith and northeast: continued retreat 
oi the jce along most of its extent, but 
its maximum advance in southern New 
Etkgland. mith ti actuations and the for- 
mation of prominent marginal moraines: 
great glacial lakes on the northern ooi- 
ders «.f the United States: slight glacial 
oscillatif»ns. with temperate climate 
nearly as now. at Toronto and Scarboro*: 
the sea tinallv admitted to the St. Law- 
rence. Champlain, and Ottawa valleys: 
uplift to the present hight completed 
soon after the departure of the ice. (The 
Great Baltic glacier, and European mar- 
ginal moraines. « 

Depression of the ice-covered area from its 
high Glacial ele'iation: retreat ot the ice 
from its former lowan limits: abundant 
deposition of 10w*sy. 

Renewed ice accumulation, covering the 
forest beds and extending south nearly 
to its early boundary. «. Third European 
glacial stSLge. t 

Extensive glacial recession in the upper 
I»art of the Mississippi basin: cool tem- 
perate climate and coniferous forests up 
to the waning ice border: much erosion 
ot the early drift. 

Maximum extent of the ice-sheet in the in- 
terior ot North America, and also east- 
ward in northern New Jersey. (Maxi- 
mum glaciation in Europe.) 

Including an early glacial recession and 
rradvancc in the region of the Moose 
and Albany rivers. (I'irst g'acial stage 
in the Alps. ) 



Glacial epoch 
(Ice accumalation. 
doe to the culmina- 
tion of the Lafay- 
ette epeirogenic ap- 
lift ) 



I 



Champlain subsi- 
dence 



lOWAN* stage 



IXTERGLACIAL 

STAGE 



Kansan stage 



Undetermined 

STAGES 

of tluctuatmn in the 
general growth of 



I 



L the ice-sheet. 



[Crucial points in the geolo<;y of the Lake Superior region. No. 3.] 

THE ERUPTIVE EPOCHS OF THE TACONIC OR 

LOWER CAMBRIAN. 

By N. H. Winchell. Minneapolis, Minn. 

It is desired here to make it plain that the eruptive rocks 
of the Taconic, or Lower Cambrian, can hardly be confounded 
with those of the Arehean. There may be some difficulty in 
distinguishing the one from the other in England and Wales, 
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hut rh#»r« i« litrU or none in Amerii'a. In rhe Arefaean. or in 
orher '.r'»rd!*. in the f'nttinm*infftl rnnif^Jex which Ii«f below the 
jjfreat nnn'**onformitj. may be -^een a ^pac !»eriei* of baj!^i<? enip- 
r.iv**<i. In ij^eneral they are known a?* the *•g^eenlftones^." They 
fade oiif. info /•hiorit** rHehijaf.*. to ^\\kv serieitic? *<;hist&, and t«. 
^lay "ilate**. They ali^o become aggiomerater* and con^lomer- 
ate«», rhe pebbles of whieh eannot be referred to any adjairent 
formation a« their ^mree.* Thirt volcanic maoe, in Minne«<ita, 
when it i;* rrompftct and de?4titnte of proof of sedimentary 
*tnj^rjire. ri«e<» to eonr»iderahie altitude above the surround- 
injf country, forminj^ a continuous ridj^eor range of low mount- 
ains, and has been named Kntriahhrin. It is apparently the 
latent, of the Archean formations*. It is involved with the rest 
of r.he Archean in upheaval and pressure, and on it lies the 
bai^e of the Taconic in the same non-conformable attitude as 
on the ^eiss or granite of the other parts of the Archean. It 
i« in thi«» greenstone that occurs the hematite ore of the Ver- 
milion range. There are in addition to these greenstones 
many acid eruptives, such as granites and felsytes, the nature 
and origin of which neefl not be here considered. 

The Taconic basic eruptives are very different- They have 
not b#ren subjected to the upheaval and shearing which the 
Archean eruptives have suffered. They are freshly crystalline, 
or beautifully amygdaloidal. They have been both etfusive- 
eruptive and plutonic. They are as laccolites in the slates, 
making dikes and sills in the strata, and as surface flows and 
sedimentary ash. I Their date is positively later than the 
Archean and earlier than the Olenus horizon. They are of two 
distinct epochs, and they continued active during very long 
pi^riodH. They appear in the Taconic from the eastern part 
of tho United States westward to the northern side of lake 
Superior and to the Arctic shores. In some places they have 
been considered Archean, in others Cambrian, in others they 
havf^ been <*overed by a new mantle, an ambiguous and unne- 
ccMHary iir>nienclature. But in all eases they bear a lithologic 
Htanip, uv grrnip of petrographic characters, by which they 
can b<' dislinguished from the Archean, and in most casee 

*('<»ni|»Jirr "TIh- Orijriii of tlu* Archran (ireenslones" by the writer, in 
•*.'{il iiiiimihI n-pnrt <)f tlu' .Minnesota survey. 

M. K. Van Misk. Hull. (iiol. Soc. Am., vol. iv,ii. 435, 1803. 
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their stratigraphic place is determinable from the attendant 
physical structure. 

It is hardly necessary to enumerate categorically the kinds of 
igneous rock which are found in the Taconic. Broadly speak- 
ing they are as a group such as are not found in any other 
geological horizon. The}' are illustrated by the eruptives at 
Cortlandt, in the valley of the Hudson, in the so-called upper 
Laurentian of the Adirondacks, the upper Laurentian of the 
region of Ottawa and in other places in Canada, and typically 
by the great Keweenawan series of the Lake Superior region.* 
They are also as fairly represented by the eruptives of the 
copper range which extends northward through the "eastern 
townships" of Canada from the Vermont state boundary to- 
ward Quebec, and by the copper and associated felsy tes of the 
South Mountain region in southern Pennsylvania. That these 
can petrographically be included in the same class or classes, 
distinct from eruptives of earlier or later date, there is abun- 
dant reason to affirm. It would, however, be sufficient for our 
purpose here to simply call attention to the non-existence of 
such rocks in any earlier, or Archean, terrane, since it is only 
in the Archean that they can be found a place if excluded 
from the Taconic. 

It may be well at this place to mention some of the data on 
which this generalization is based. If it be admitted that 
as a petrographic group of igneous rocks a similar assemblage 
may be found in each of the places mentioned, it will only be 
necessary to adduce the evidence of their having essentially 
the same age. 

Beginning with the eruptives of the Cortlandt series, which 
have been described by Dr. Geo. A. Williams,f there is good 
reason to consider them as post-Taconic. This rests on the 
authority of Prof. J. D. Dana, who, at intervals, for several 
years, laboriously traced the Taconic rocks from southern 
Vermont to Cortlandt and to New York city. At Cortlandt he 

*Van HiSE says: ••Quartz porphyry and certain phasi»s of the basic 
eruptives have been found nowhere but in the Keweenaw series." This 
is rather broad, and is interpreted to mean nowhere in the LakeSui)orior 
region. With this limitation even it mi^rht not be admitted by some who 
have reported felsyte and (piartz |)orp}iyries in ih«? Keewatin and in the 
Animikie. See Mon. xix, U. S. («eol. Sur., p. 402. 

f Am. Jour.Sci., Noritesofth** Cortlandt seri<s, vol.xxxiii, pi). 138, 101. 
243, 1887. 
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whole region has very generally been mapped as Laurentian, 
following the original designation of Logan and the New 
York survey. Dr. Emmons was the first to call attention to 
the later date of the "hypersthene rock." He says:* 

"We know that the Hudson River series [i. e. what is now 
considered the Georgia slates of the Taconic. — N. H. W.] is 
distributed along the eastern base, or northeastern termina- 
tion of some of these ranges; an event which may have hap- 
pened very soon aft^r their deposition, or at a still later pe- 
riod." 

In 1876 Prof. James Hall dissented from the prevalent idea 
that the marbles of the Adirondacks were of Laurentian age. 
He recognized two non-conformable portions of the so-called 
Laurentian, in the Adirondacks, but he asserts distinctly that 
"the limestone of that neighborhood (Fort Henry and West- 
port) did not form a part of the lower Laurentian series of 
strata, but unconformably overlaid the upturned edges of the 
gneissic beds of that portion of the system. "f Neither does 
this limestone conform to the upper, or labradorite, portion 
of the system. The upper portion, being composed, in his 
idea, "of massive beds of labradorite rock," and other granite 
rock, both being of irruptive origin, would hardly be expected 
to conform to the limestone. In this respect the crystalline 
limestones of the Adirondacks furnish an exact parallel, in 
their structural relations with the basic eruptives, to the 
limestones at Stony Point and Rosetown, a part of the well- 
known Cortlandt series. 

The Adirondack gabbros, therefore, have to be made to con- 
form, in date, to two leading facts. 

1. They are earlier than the Potsdam sandstone (at least 
the Olenus horizon) which lies upon the "hypersthene rock," 
according to Emmons and later observers. 

2. They are later than the marbles and quartzyte, the mar- 
bles and quartzyte having furnished Lower Cambrian fossils 
in several places in Vermont closely adjacent. 

Whether they are earlier than the Middle Cambrian, as well 

♦Geol. of New York. Second district, 1842. j). 2()7. 

fNote on the Geological position of tlie serpentine limestone of north- 
ern New York, and an inquiry regardinj; tlie relations of this limestone 
to the Eozoon limestones of Canada. Am. .lour. Sci., (JJ), xii, p. 21)8, 187G. 
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as the Olenus zone, there is not sufHeient evidence to warrant 
a judgment, although there is some evidence, which need not 
be entered upon here, to show that the earliest eruption, which 
was presumably that of the main gabbro mass, was before the 
Paradoxides epoch, and may have been the cause of the de- 
struction of the Olenellus fauna. 

Many other geologists have reached the conclusion that two 
series of crystalline rocks exist in the Adirondack area. Van- 
uxem, in 1842, distinctly states that in Lewis county he re- 
ferred certain metamorphic rocks to the Taconic system, 
(Report on the Second district, p. 135). T. B. Brooks, in 1873, 
called attention to sub-crystalline strata below the Potsdam 
sandstone in St. Lawrence county, which he suggested be- 
longed to the Taconic system (Am. Jour. Sci., (3), iv, p. 22, 
1872). The whole series observed by Brooks between the 
Potsdam and the gneiss was considered to aggregate 700 feet, 
but he did not find the bottom beds. A. R. Leeds in 1878 re- 
ferred the rocks of £ssex county to the Norian system, which 
has been shown to be upper Laurentian (Thirteenth report of 
the New York state museum, pp. 79-109, 1878). C. E. Hall 
reached results similar. He attempted to express the strati- 
graphic order of the parts (Twenty-second report of the New 
York state museum, 1879, and the Fourth report of the State 
Geologist, 1884), viz.: (1) Limestones (verd-antique marbles, 
plumbago, etc.) and the Labrador series, or upper Laurentian, 
with its titanic ores, certainly non-conformable with the 
lower Laurentian and probably with the upper Laurentian. (2) 
Laurentian or sulphur ore series, essentially a series of quartz- 
ytes with dependent gneisses, associated with the labradorite 
rocks as a part of the upper Laurentian. (3) Lower Lauren- 
tian or magnetic iron ore series. Mr. Hall was not satisfied 
as to the stratigraphic position of the '^sulphur ores" and the 
associated quartzyte, but comparative studies of the iron ores 
of Minnesota seem to indicate that they are in a formation 
non-conformable over the lower Laurentian, though when 
crystallized the resultant gneisses and ores are easily eon- 
founded with the older gneisses. 

Messrs. Pumpelly, Walcott, Van Hise and Geo. H. Williams 
in 1890 made a joint reconnoissance of the Adirondacks and 
while they do not precisely agree in all their results, they are 
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in accord on the point on which we wish to insist at this place, 
viz., there is in this region a very important series of modified 
elastics which are not of Laurentian age, and lie unconforma- 
ble below the Potsdam sandstone. This series consists of 
quartzose gneisses, crystalline limestone, graphitic gneisses, 
and magnetic iron ore. Van Hise says :* 

"While Iho intopior structure of the rocks of tins series now shows no 
positive clastic characters, the limestones, graphitic schists, and regu- 
larity of what appears to be bedding in the gneisses leave but little 
doubt that the series was originally clastic and belongs to the Algon- 
kian. The studies of Walcott render it probable that there is here also 
a basal complex, and along the contact lines of the series Walcott has 
discovered evidence of an unconformity. This Algonkian is so remark- 
ably like the not far distant original upper Laurentian, in the neighbor- 
hood of Ottawa, that one cannot doubt that the two are, or once were, 
continuous.** 

In 1892 the writer, accompanied by Dr. U. S. Grant and Mr. 
Charles Schuchert, made a reconnoissance of the northern 
portion of the Adirondacks.f We found a gneiss interstrati- 
fied with marble and quartzyte, some of the gneiss also being 
very quartzose, the contained free quartz being estimated, in 
thin section, at 50 per cent., the rest being mainly some feld- 
spar. These were considered to be essentially of the same 
age, but post- Laurentian, although the existence of the lower, 
older gneiss was not ascertained. Not only were there frag- 
ments of gneiss embraced in the limestone, but isolated lenses 
of limestone were found embraced in the gneiss. This upper 
series of gneiss, quartzyte and limestone was parallelized, in 
the report, with the Taconic series of western New England, 
not only because of evident lithologieal dilferences from the 
true Laurentian of the northwest, but because of a similarity 
in order of parts and of general character with the Taconic 
series on the eastern side of the Adirondacks. We did not, 
however, ascertain whether the rocks quartzyte^ limestone^ 
gneiss, which were found succeeding each other, increased in 
age from quartzyte to gneiss, or vice versa. 

In 1893 Mr. F. L. Nason correlated the magnetic iron ores 
of the Adirondacks and their associated rocks with the iron 



♦U. S. Geol. Sur., Bull. No. 80, pp. 31)8, 508, 1892. 

fTwenty-flrst annual reiK»rt of the Geol. and Nat. Hisi. Sur. of Min- 
nesota, pp. 09-112, 1893. 
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3. Quartzyti' (jrntus- 
sic). I imi'stimo. schist, 
succeetlinur »*ach olh- 
t*r (Upward?). Si)ecii- 
lar hematite in the 
limestone, majjnetite 
in the schists. 

4. Older schists, nnn- 
confurmable below 
No. 3. 



3. Cambri an I i m e- 
stone, with schists 
and qiiartzyte. 




3. Quartzyle, 1 i m e- 
stone. schist, in as- 
cending order. Ore 
horizon in the lime- 
stone, just above the 
(juartzyte. 



4. Older crvsta 1 1 i n e 
rocks, non-con forma- 
bli* below No. 3. 



Taking the foregoing in reverse order the great historic and 
geologic features involved in the table may be recorded as 
follows: 

4. There was, according to available evidence, at least in 
the Adirondacks and the Taconic area, an Archean complex 
of schists -and gneiss, associated, at least in some parts of 
Vermont, with greenish and sericitic whists. These consti- 
tuted portions of the earliest land area or protaxes of the 
eastern part of the United States.* 

3. In the Taconic and Adirondack areas the rocks were 
formed in crystalline condition prior to the deposition of an- 
other series which is now sub-crystalline, or holo-crystalline, 
and they furnished fragmental materials to this second series. 
This second series is what has long been known as the Ta- 
conic, or later as the Lf)wer Cambrian, and its thickness in 
Vermont, according to Mr. Walcott, is not less than 15,000 feet. 
It embraces quartzyte, marble, dark gneisses and soft, often 
graphitic, schists; and in the limestones, near their base, are 
often found large and valuable deposits of hematite. These 
rocks have furnished many new and important data of crys- 
tallization, many new mineral species and many problems in 
petrography. They hold in America nearly all the ore de- 
posits of economic value older than the T^wer Silurian. 

2. The next step, in the table of events, that marked the 
age of the Taconic, or Lower Cambrian, was the great irrup- 
tive catastrophe which gave origin to the basic gabbros and 
allied rocks. On all hands it is agreed that this was accom- 
panied by the folding and faulting of the Taconic sediments, 
by the crystallization of the concerned strata, by the eifusive 
commingling, in some parts at least, of volcanic debris with 

♦Daxa. Bull. Geol. Soc. Am., vol. i, p. 36, 18JI0. 
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rt-inhrkabiv even ext*-n>i«'»n of ihr Ni|»is>injr plane- to i>thrr ro- 
gionf hud n«»t In^en wdrki-tl «»iit. ami -••nu- I'f ili«' phini>nii>nii 
nh«t.rvt'd h:id nra bet-n mrnM^tly ini«r|»n!*cl. t^.i th:it in thrpa- 
pt-r "H the et^oond lakt A;jri»n«juin* it wm- ni-frh«»:iry !•» mnko 
a few amendment* t^ "pinion* rxprf«>«ii in tin- i\r>\ p«]>iT. 
A]:h>>U|;h it wa> dr^irnlilt- in tln' A:;:i>ni|iiin :irli«*Ii- t^ Itrin^; 
iiUt trir full f'»rce "f tlie f:n*t- iM-arinj; "ii ilu* i-xttiit of tho 
Nipis-iing Kearh. it was n«»t pi'*!-iMi- to do mi ^«iih<«ut .-iddinj; 
(.•oDsidt-raMy to a paper alnady to«i|iiii;;. Tlur** wvTf no po* 
^ihltr ••ulil'l^ f**T lake Alpinipiln northward from laki' Siipi* 
rior. and the t^nly re>nit of th»- oiin^^iinn thirrfori' wav to li-nxi* 
the attitude of tlie plant- in that (iiriftinn nii*>i-tllf d. 

In the pjipt-r on the hrachr* ^.f laki* Snpirior llu- prohahl*- 
identity '^•f thi- Xipissin;: )»faeli a- far a*. Vu- i-l.'ind niar Pi»rl 
Arthur wa^ nicntioiu*(i. lint at that linn* I \\a«> iinahli- to 
refiignize it at any point fartlur n^'rth or *n*>\. I.ati-r. how 
ever, when thr true rhararti-r i»f ihi- Nij>i»«-lnj: hiiirh wji^ no 
o^nizfd ami its remarkalili- uiiiforiiiily •i\ir thi' whoh nira 
of observation wa> penN-ivtil. tht- proli:iMliiy ««f il»» r\li'n^i«»n 
in the sam«- position !(• other rf-;^ioii'' wn^ oh\ioii«>. 1l i*> thi' 
ohjt^et of this paper to >»h«pw Imw -iiH-h an r\li n^ioii i»* r< lal«d 
to the shore line* wliieh li:ive hei-n o}»»iir\i d on thi- north (•iw»»»l 
of lake Superior. 

For the fsnbstanee of thi-^ pa]Hr I rely enlirely upon ihi :id 
niirable series of o}»^ervatioIl* rtenrdiit bv I'rol". .\.« . I.nw^-on 
in his report entitled "Sketi'h of ihe ("oM^lal Topo^r.-iphy of 
the N(»rtl» Side of Lake Sujierior with Speej.-il Url'i n-nei to 
the Abandoned Strands i»f Lake Wjirrt ii."+ l*r«»r< •-»-or L:tw«-on 
describes slrancU at foriy-ei^lil loe:iliti«*- bi iwii n hnluth mid 
Sauit Ste. Marie. I propo-i- t" Inki- ihi-i up in older :ind 
point out those whieh :«»iiii lofi;rr,.,. wlili ihi- peeiili:tr ^t reiu>th 
and cliaracter of the Nipi**'-in;^ fii:ie|i anti wliiefi lii< iii orni.'ir 
the plaee t>f the plane nf lliMt bi:o*li pr'ijreli d Ironi otln r :ind 
better known pari**. In ilii- ••'«nn«eiion ii «-liiiiild In- n no in 
bered that the Nipi--in;^ ln-:ieh i- r«Mi;irk;ibl«- Tor Hh- ^lr<iit:lh 
of its development, ll- drift Im-i -riil. ri-d • \lr»nn- ndui-iiiin 
bv wave action. It L'i'ni-rallv <'i»rii:iin- nmre -;iiid ifi:tn iJtlur 
beadles and wln-re it \< \\>*\ ^.-indv it- in liMe*. ;in- ih-iri'ii-j;hlv 

♦Am. <Jkoijm;i*»T. \"\. w. !'■ '". :ii:'\ M;irfi-. l-^'.'.i 

ITwHnlii'tli .\niiii;ii K'l-i.. ii-i-l ;iii>i \.i' H--?. ^.ir.i> •>{ M;ini 
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rounded. Ite accumulated masses are great in magnitude and 
its deltas and terraces are of great extent. The notch at the 
back of its cut terraces is generally deep and the blutf above 
is often high and comparatively steep and fresh. Sometimes 
along st4?ep shores of hard rock and along the face of partly 
submerged dill's this beach appears to have no distinct repre- 
sentative. But such places do not extend beyond a few miles 
at most. At some of the best localities I will quote Prof. 
Lawson's description in full. I take his series by number as 

published in his report. 

Stn'rM 1 to J. DuUtth to llnrdy'H Sehtttd HuUHf, Lower luvfis abt»ve 
l)r»*s»'iit sln)n* noi n-purli'il. 

Sn'tM^. Ttro JlurfjoKM. Tin* railway station is on u broad plaint.) 
ft'pt abovi' iIh' lake. \\V shall sift» lat«T that this is pn.>bably n<il the 
Xii)issiii«: bt'acli. 

Srrnao. linner Hay. Mudi'rn "well defined spit." Also "a bold 
head pre.s«Mits vertical cliffs over KM.) feet hij?h." 

SfTh-^tJ. naittinm Hhn\ "Palisades." Vertical clitf for 30 feet wiih 
a low beaeh alon^ its base. 

.SnV* :. Sair-tiitli. "Clitf abme the present shore" witli gently slup* 
in^ l«Trac<.' from .St..') feel above. 

S,ri>xS. CnrUnii Pnik\ No record below SO feel. 

Sn'OH'.i niul to. pophir Jiinr. A low wave-built terrace 0.0 feet. Cut 
ti'rrarrs at \'l.\ and *il.7 f»'et. rpper ti-rrace oO fei-t wide. 

St rim 11. (\ui»f fift of l\ifiJiir Ilirrr. "Stee|i sea-cliff risin«r 1-1. •') M 
from tin- prt'.si'iit NJior'"." T<*rraj*e above 150 feet wide and 17.S (♦'••t 
ab"N <■ till' \:i\\v :ii its rear. 

>//•/<* I/, frooff J/itrhor Ittit/. Sra-clilf 1.') feet hiph overhanps the 
Iirt>«-?il >hon'. Sbiiij.'ly t»-rrac«' abov»' this KX") feet wide and 20 ff'*l 
:ibn\i' t Im- l;ik«' at lis r«-ar: aiiolhrr terrace 25 feet wide and 27.2 foi't 
hiirh ;it lis r«*:ir. 

>'//•/■/ .s /.;. (irtinil M'U'ti'H. <'r»*sis cif abandoned bt-ach ridjres at **-^ 
aiKJ I'M feet aiMl it-rr.ico at 17..'tand 'ilM fi'd. The iipp«'r terrace ^* 
•?«;() ifci \vi«l.'. 

>r/7/.v /;. A7m//r///".Y ('rtti:, "I-' rum (irand Marais eastward a low C ♦-*^ 
i-j,,',.. (•Mir.'siMiiiiliiiL'' t'> ■• ^'- * tlif'2tM fet'i i«'rrace at Grand Mar**- ^' 
m.tv h«' nl)>.i\ .'(1 I'lir M'M-ral mil«> aloiii: tjn' coast as far as Cow-lonju^^ 

|iiiiiit.' TluMi ai Kiml»:iir> ( I U tlirr*- i> a lla; t<'rrace at 28.5 fet.'t **i^ 

al>i)V.- ii risi-s a >i«(i»l\ iiicliiiiMl s.-a-cliif. '" "Farther alonjJT the shore t 
i«rra»"'* i> aiiain <r.ii al)'Mii a mi!»' lulnw Fish-hook iM.)int, and aijrain ^ 
h.)\v th'" Miinilh fil' 1 in ill' !i\<r.'" 

Stf/'t-s I.''. J/,tr>i^/in, I]. III. Tlu''' h'-avy hmihb'r beach ridjres at 11 
K.«) ami W'^.W fi'ii. Th" tfiim di'tlp- last mn- "is not a simple sloi)e a^^^ 
ih»-i'a'<«' uiili tlifiW'i liisvii- ln-arhi s. l)iit its jd'oflje shows a distill 
sti'i'-liUi' r«'aiur»' iii ii»liA\«r jcirt such a*- ma\ be sometimes seen in I "^ 
cli-ar wali'p t>n the '^ul)a(|ll(•^lll> sI.ijh' y\^ »Mtnif t»f t In* livinjr beachest»f t /' 
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lake." Behind the upper beach there is a brtmd expanse of marshy 
jrround forming a hi^oon. 

SritM Ifj. Doitbfe Jhiy. Fnim the modern sea-clitf a terrace reaches 
back a (luartj^r of a mile, at its rear 32 feet above the lake. 

The Ni pissing plane produced to this coast from the south- 
east, as shown in the map accompanying the paper on the 
second lake Algonquin, would strike between 25 and 30 feet 
above the lake at Grand Marais. This is in very close agree- 
ment with the strong continuous beach of 29.1 feet at that 
place and eastward to a point below Brule river, a distance of 
10 miles or more. Westward from Grand Marais the terrace 
of 27.2 feet at Good Harbor bay, and that of 17.8 feet east of 
Poplar river, and that of 21.7 feet at Poplar river, 20 miles 
west of Grand Marais, are in all probability the same beach. 
So far as I am able to judge from Prof. La wson's descriptions, 
this beach seems to correspond very closely in all respects 
with the Nipissing beach of the south shore. Its identity as 
u part of this beach may be fairly assumed for the present. 
Westward from Poplar river it does not appear to be recog- 
nizable, but by calculation the Nipissing beach should pass 
under the lake about at Heaver Bay, and 25 feet below it at 
Duluth. The boulder beach ridge of 88.6 feet at Horseshoe 
bav farther east is undoubtedly the same shore line, its 
greater hight being due to the fact that it is a beach ridge, 
while toward the west it is a cut terrace. Measurements of 
the same sliore line often vary seven or eight feet, sometimes 
more, from this cause. Prof. Lawson's measurements are very 
precise, even to tenths of a foot. But it is not intended to 
convey the idea that the former water level can be so accu- 
rately determined. It can seldom be made out so closely as 
not to leave a possible error of at least one to two feet. The 
wide terrace of 82 feet at Double bay is probably the same 
beach as that mentioned above, although it is six and a half 
feet lower. This gives us a stretch of abandoned beach along 
about 40 miles of the coast and identified with fair probabil- 
ity as the Nipissing beach. The distance from Poplar river 
to Horseshoe bay on the line of maximum rise for the Nipis- 
sing plane is about 25 miles and the rise is from 21.7 feet at 
Poplar river to 88.6 feet at Horseshoe bay, making a rate of a 
little more than seven inches per mile, which is about one 
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inch per mile more than the rise of the Nipissing beach 
elsewhere. But this rate of rise would be slightly less if al- 
lowance were made for difference between the relation r»f a 
cut terrace and a bowlder beach ridge to the former water 
level. 

The "sea-clitfs'' and "palisades" recorded at the localities 
southwest of Grand Marais and the spits at Beaver Bay and 
Cither places along that shore agree with the supposition of the 
recent backing up (»f the water at the west end of the lake. 
The bases of some of the cliffs, like the Palisades and the Pic- 
tured rocks of the south shore, probably stand at the level (»f 
a heavy wave-cut below the Ni pissing beach and not at that 
beach itself. The evidence that there was a heavy wave-cut 
at a lower level before the time of the Champlain uplift has 
been discussed in the paper on the second lake Algonquin. 
The next six localities are close together. 

Si-rt'rti 17. (rnt/itf porta f/t'. Fnun a hi«jrli«.*r U'rrurc* "lln- >;r(niiHl ilrops 
si<M'ply i«) th«' It'Nol of tlu* tiTracc nii which tht* vilhijrc Is built. This 
(lr<ip ri'pn*s«'iits a s>*a-(:litr which is oin» of ihi* most strikinjr shun' f«'a- 
liir»»s of (Jraiid l*(»rlair»*. Thi* Icrraci* which fxtiMuls out rn)m its buM* is 
37. » r«-*t abovp lh«' hik»*." 

.SVr/Vvr 7<v. Mtunt Jtwtp/n/tt'. "Ai. the bast* of tho liill is a boiilch.T 
bfacli the cn-sl <if which is 1.-^ fcpi abov<* Ih** hik*- 

StritM t!*. WnintirtnufnniiHj Jhiji. A beach ritl^re of coarse r»'d sb in i:l«' 
a I 4:{.T ftM't. 

Sfrirttjo. Xffir /iirrh fitftinti, IJcaches at 17. 1 and 21 feel. Nipissinir 
beacli apparently not fmind. 

StrirM Jl. J*ii/t'oii l*tiint. Ueaches at 75J5 and .")(5.<» fe«'i. Lnwrr lev*-!^ 
heaviU tinib«>n'd and not examined. 

Svrivn ::. I*iif(nit liitrr. Ttrrraet'S at (iO.S and 1H.2 feet. NipisMOL' 
bi-acli iml «)l)s<'rvt'd. 

Sm'tn :.:. Mi'Killtir'n Ptn'nf, Tfrrac** witli n-ar at 48.1 f«"et and a 
i»eaeii ritli:*' at 'M\M fi-i'i. Tliis is aiHiul 1") mili'S northeast of Wau>Nv:iii- 
;:(inin.i: b:i\ : and it llH-ndun* sei-ms pmbable tiiat thf t«'rraci'. and n«»t 
th»' brjM'ii bi'luw. is iif Nipissinir ai:»". 

S,ro.s .;. Thiniiiisiin [xhiinL Itraehrs at !►'< and 2s. 7 f»'et. Nipls>injr 
b»;u'h a|'|»:in-ntt\ imi ubsi-rv»'(.| on iln* "'ast i-nd of tin- islaml. IIiti' and 
priil»:ili|v ;il MiTiif ui h»T plaei-s th»' Nipi^'NiiiL'" bi-aj'li may iiavi- ln-en r»- 
rn"\»-d \)\ ;i ln;i\\ \\;i\i"-eul at a hiwi-r li'Vi-l. At annlh'-r plat'e on ih«' 
iv:;ii:«l a >.i'ii'v III i';i\.s ;ii«' < |i'\ I'lopt'd nn tile viTtical sid»' of a dik«". 
'I'i • II- Il.M'r. lalviii Im !»• alioiii al lh»- l'<jrrni'r walt-r IfXi-l. is 15. (> fi-i-t. 

"* . /. V ... '^}...r, ,,j,i„:''iti I'"'. it l^iiihd. Kroad li'rratM- at |."».!{ fiM-t. 

> /-.N • .I'-- '■./!/< /,'iii r\ N" F'«'p"tr'i at l(»\v |i'\«'is. 

^. ■. - (' n';, /,'/'./• •■W'l'l d»-lin«d lii-ach" at IJ'J.S fit-t. Al»i«\- 
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this *'sin«»ther *rrful btMieh (if iM»rf«'ct form al an <*l«'viition of .Vi.l f«»Hi." 
Kisiri!; imin<'diHt(>}y from the pri'soiil slioro line thori* is a roHin^ suc- 
c»'ssinn of small, ill-dottued jcrravi?! bt'achcs. Th«*si* iiulicatp '•a ^rndiial 
n*cvssion of tJu* wattT." This is about V\ mili»s north of McK«*llar's 
ix.>iiit. and I ho upfK^r l)i*acb is probabiv of Nipissintr a«r«*. 

S/Vm -V. Pit' litftiuil. **A broad tt*rrare** "abuis against a talus of 
£rri*al an^rular blocks of trap." Hijrht l.'J.a f«'ft. 

SiritM jy, Brule Point. Hfacb al JU.T fi'ct: n(»t Nipissiufr. Abroad 
inrrac**'. part of iho Kaminisiicpiia 'dolta. rxionds far inland. Al 14 
milfs its surface is al)out 'm fci't abovi* tin* lak«\ It isromi)OM'd of clay 
cai>ix*d wilb sand. Tlif cappini; of sand is probably of Nipissinjc a^e.* 
lK>ubtful wbcth»'r th»* b«*ach is of Nipissinir aijc, but tin* drlta may be. 

StritJt .{0. K*iminiittitiuin, No n*iK»rt at low IfVfls. 

Strii'M.il. Port Art fnir. Mroad t«'rrac»' nt 01.1 feet. Port Arthur is 
10 miles north of Carp river, but it is doubtful whclh»'rthis ti-rraci* is of 
Nipissinjr ap**. 

StritMJJ. JfrKt-nzit. No rr|M)rt at low b»v«>ls. 

,*<eririt .!.i. Kont Sidenf Thumler liai/. IVrraco at r)T.5 ffct. 

SiritM. i4. Hark of ThuhiUr Cupt:. IVrrac*' about 100 f«M»i wide at 41).0 
fff-i. 

Strifit.!'.. Silrt^r hUt. Hi»tw«'»»n pr«'S»'ni storm bi»ach and out* at 39.3 
fi*»'l ••ihrro an- n«) l»*ss than nin«' distinct w«'ll formed shiiifrle beach 
ri<l;:es. rising one above another cm a p»*ntl«* slop**." "This i)ortion of 
tiu' s»>ri»'s clearly indicates a gradual recession of the lake, from the 
sisi«,'i* at which the 39.3 feel beach was built down to the present level." 

This is nearly always a safe infen.'nce. It is not to be in- 
ferred, however, as contracted with this, that adjacent slopes 
at the same horizon, but without such beach series, emerge 
suddenly or haltingly. Such evidence is generally good in a 
positive sense, but its absence is not ec^ually safe in a negative 
sense. There is also a terrace here at 59.2 feet. This place 
is ten miles south (»f series Ji3. Still it seems more probable 
that the upper strand, rather than the lower, is of Ni]>issing 
age. From this on to Sault Ste. Marie the points of observa- 
tion are few and generally far apart. 

Srri*M.iH. yipif/on. Terraces al S9.S and S'2.2 feel. This place is 
al)out 43 miles northeast of series .T». It si*i>nis probable that tlu* hi«;her 
terrace is the Nipissinir bi-ach. 

.<rrirM.J7. Muzokumn. Terrac«' al 9S f«M't. 

i<trirn,iS. SimpMoti iMlmnt. Hroad ti-rrac*' with sl«'ep si-a-clilf back of 
it at 1)2.7 feet. Well shown by a proflii- cut. 

i<fri4^M JCf. WiiiHtnn'ti. N(> n'lMirl b«lc>w a il«'il;i :it 'Jlo I't'et. 

S*rii'n 41), Srhrtitntr. N"» r»'|Kirt hflow 31)1 r»'«'l. 

*The lower part t»r this ilelia i», d«'scrihed on paL'''> 'JH> and i\\ ot 
Prof. Lawson's re|Mirt. 
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in reality lie parallel with the other lines, but should have 
been made to curve away toward the north before reaching 
the meridian of Sault Ste. Marie. The altitude of the sup- 
posed Nipissing beach at each place is shown in the following 
table. The bights are in feet above lake Superior, which is 
602 feet above sea level. In the fourth column the approxi- 
mate theoretical bight of the Nipissing beach is given for each 
place as measured on the Nipissing plane produced from the 
south shore. The letter t stands for terrace; r for beach 
ridge; br for boulder beach ridge: c for cave; and d for 
delta. 
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15 
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78 


27 




52.1 
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M\ 
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72 


28 




43.5? 
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18 
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Out of this total (»f thirty places it seems probable that the 
Nipissing beach is fairly w<*ll id<»ntifie(l in all but six, and it 
is possible that those also are of Nipissing age. It seems 
probable, therefore, that the identity of tiie beach is made out 
at half or more of Lawson's forty-eigiit phic«*s of ol>s<frvation. 
The greatest number of departures from close coincidence ap- 
pear to be in the region of Thunder bay. WIktc cutting by 
wave action is very active it is not uncommon for a cut at a 
lower level to remove th<* n^nunns r>f a higher bracii. On that 
account some of the terraees which scmi a little l(»w have 
been taken as possible representatives of the Nipissing beach. 

On the south shore there is eviib-nce that lake Superior was 
not aifected by eastward elevati<ni n Ml il after it hud become 
independent in c«»n*<e«iuence «>f a very ^rradual ami even north- 
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Superior bas^in roiiiHin parnllel with liie water level of to- 
day."* Mr. Uphani's belief appear* to In* based upon correla- 
tions made partly by Prof. Lawson and partly by himself. 
But in neither ease, as it seems to nie. is then* safe ground for 
sueh eorrelations. In order that Prof. Lawson*s elassitieation 
of the strands in horizontal series mi^ht be tr\ie and valid as 
applied to the lower shore lines, the fact of horizoutality 
should first have been ascertained bv sub-^tantiallv continuous 
traeinjLT of some strongly formed, persistent strand, like the 
Nipi«*inj^ beach. In his table of strands the maximum dis- 
<?repnnce from horizontality is about 13 feet. In general, then, 
if the strands varv more than this amount from horizontality 
anvwhere in the wh(»le Superior basin — if tln'V rise or fall 
niore than this frrun l)\iluth to Sault Ste. Marie or from Mar- 
*j[iiette ti» Jackfish bay — the signitieanee of the table as a true 
^■iassification is desl roved. The method itself is one which 
*-anin>t be safely used without a thorouf^h Fon*-knowledge of 
tht* exact position of the strands: and even then, if they are 
'>«>t horizontal, it is useless. If the correlations pointed out 

« 

^^ this paper are true, then the Nipissinj: beach rises some- 
^**^iil more than M) feet from Poplar river to .lackfish bay, and 
crc>s«jj*j, seven of Prof. Lawson's strands: from Duluth it rises 
ftl»out Ji5 feet, and crosses about a dozen strands. This, to be 
*^*fe, is a small anuuint of inclination as compared with that 
*'>^ Some beaches at other places. But it lacks a good deal of 
b^i ng "parallel with the water levi*l of to-tlay." 

l)r. A. (.'. Lane, of the Michigan (leologieal Survey, also re- 
P^^rts deserted beaches on Isle Royale nnd on Kt-wt-enaw point, 
^'hich agree in a general way with the results of the writer. 

If the Nipissing beai*h has been truly made out from Prof. 
I-tiwson's observations, it ailds largely to the known area of 
v^ f.y recent terrestrial deformation. The basin of lake Supe- 
^^^*r bears about the sam»* r«*latio!i tc» .lam«'S ba}- at the snuth 
*^t\fj of Hudson bav tluit lake Kric dot*s to the lower St. Law- 
^*^tice valley. The distunce brtwreii their eastward shores is 

"""Am. .Tour. Sci.. III. vul. xi.ix. .Ian., l*^;*."!. p. ",. Mr rpham's JftailtMl 

C**i-rHlati<iiis (if ihi" >hnr»- Iiiii-N arumMl laU«' Snin-rinr'. aiul imrili nf laUr 

'■ Vinui and <.>*'iir*:iaii Itav t«. Ialx«- NiidN-^ini:. an- ::ivi'n in ihr 'r\\«*iil>- 

^*«"^ond .VdiiiihI Ufp'Tt. Minn. <J.-..i. >iir\'\. tur !*<'.>:;. \t\,. ."■»; Cm; and in 

»^»i]|»*tin <iiH»l. S>r. Am.. \n\. vi. pp. *]-*','. N'.iv . Is'ij. l|.. i-iranlN tlw 
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sidered railroad levels are depended upon almost entirely to 
^ive starting points for subsequent determination of altitudes 
^j barometrical meant;. Unless carefully checked, however, 
r'C^ilroad levels are sufficiently inaccurate to render untrust- 
-^vorthy ail attempts to establish a reliable datum for detailed 
^napping and to give rise to very erroneous results in the 
^calculations involving the elevations of particular places. 
rThus, figures from this source which are liable to vary several 
-feet in either direction usually interfere seriously with accu- 
rate work and in many cases practically make negatory the 
results sought, as may be subsequently shown by lines of level 
more carefully run. 

This was the condition of things which confronted the Mis- 
souri Geological Survey at the beginning of its work of de- 
tailed topographic mapping. To relieve this uncertainty in 
fegfard to the starting points, the profiles of the railroads 
traversing the state and the lists of elevations of all stations 
oa them were collected. Within the past year the recalcula- 
tion of all points, their adjustment to more accurate datum 
lines, and their reduction to mean tide level has been finished. 
An essential aid to this work has been the various lines of 
ptecise levels which have been run under Federal auspices. 
Missouri has been especially favored in this respect. The 
Mississippi River Commission has established a line along the 
entire eastern border of the state. This is part of the series 
started from liiloxi on the Gulf of Mexico andcnrried up the 
Mississippi river. The Missouri River Commission has taken 
up the work from the mouth of the Missouri starting with a 
bench mark of the organization just mentioned and has cnr- 
ried it across the stale to Kansas ( -ity and from tlience north- 
ward along the western boundary, to l)eyond the Iowa line. 
The U. S. Coast and (ieodetic Survev has also run a line of 
levels, as a part of its transcontinental work, along the Mis- 
souri Pacific railway from St. Louis to Kansas (Mtv, and also 
from the latter point southward near the western boundary. 
into Arkansas. Where the lines of railway intrrsect tlios(» ()f 
the precise levels there is afforded an acjuirate basis of tlu- eor- 
recting of any errors which may fxist in the former. In the 
accompanying sketch map of Missouri there an* iJjh«»wH the 
lines of precise levels which cross the statt* and tiu* principal 
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are made imperative, and future revisional work in this 
direction is reduced to a minimum. With the exception, 
perhaps, of a few limited districts in the south central por- 
tion of the state, every county in Missouri will have a number 
of accurately determined points from which detailed mapping 
may proceed, and all elevations may refer directly to mean 
tide level. 



CENTRAL IOWA SECTION OF THE MISSISSIPPIAN 

SERIES.* 

By H. Foster Bain. Des Moines, la. 

Throughout the broad Mississippi valley there is a series of 
beds, in the main calcareous and largely made up of heavy 
bedded limestones, which lie between the Coal Measures and 
the Devonian. These rocks have been extensively known and 
f^tudied under the names *'Subcarboniferous" and "Lower 
Carboniferous'' and to them IL S. Williams has applied the 
name Mississippian series, a modification of a term iirst pro- 
posed by Alexander Winchell. They are typically developed 
in southeastern Iowa and the adjoining regions and have 
been most studied along the Mississippi river. They form, 
however, in the main a definite, easily recognized strati- 
graphic unit throughout the Mississippi valley. This term 
has been recentlv extended to cover a similar calcareous series 
occupying an int'ra-basal position relative to the Coal Meas- 
ures of the Appalachian provincef and has thus lost its orig- 
inal geographic significance. 

The upper delimitation of the series is throughout Iowa a 
matter of small difticulty as it is separated from the succeed- 
ing beds of tile Coal Measures bv a marked unconforniitv of 
erosion. The l(»wer limit is not, however, so easily rt-eognized 
and around the (juestioii of its delimitation considerable con- 
troversy has in times past arisen. Cp to the present time the 
chief studies on the series as developed in Iowa have been 
carried on along the Mississippi river, and from the exposures 
there a general section has been eonstrueted which ni;iy be 
culled the southeastern Iowa section. During the twf> pust 

*Piiblisli«'il b\ iMTiiiissioii m\ lllr Statr- ^i.'mIolMsI ol' InW.i. 

+C»impbell, M.: \\\\\. V. S. Cim,!. Smv.. Nik 111. |.. :::. isn:;. 
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field seasons similar exposures along the streams of Mahaska, 
Keokuk and Washington counties have heen studied and thus 
an independent general section, which may be called the cen- 
tral Iowa section, has been constructed. At the present these 
two sections have not been connected by detailed stratigraphic 
work though the continuity of the major divisions has been 
traced. 
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Saint I-Diiis. 
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VtTdi. 
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Kiiirlish Kiv»T jrriis. 
Map]*' Millshalr. 


Wasbinjjrton county. 



Saint Loris Formation. 
Pvlhi hv.dn, — These beds are typically developed in Marlon 
county, but also occur in all three of the other counties men- 
tioned. They represent thi.^ quiet settled conditions <»f open 
sen depc»sition ar\d mark thi- pi'riod when the shore line had 
probably reached its maximum n(»rthern ])Osition. Tiie beils 
consist largely of thin shelly limestone with the interstices 
tilled with a calcareous marly deposit crowded with fossils. 
The limestones are also fossiliferous but the major p(»rtion of 
the forms oecur in thesr marly layers. At the Klein (juarry 
near Pella a portion of the IxhIs is well exposed and the f(»I- 
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The limr^tniH''^ iit times beeoine more heavily bedded and 
orci-iniiMllv (nM'iir in cnMsidiTJibie thickness. Along the Des 
.M«.iji»- rivrr in .Marlon juid .Mahaska eounties they attain a 
ina\iii!U!!i llii«'kn<-^*: «»!' probablv seventv-live feet. 
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This phase of the Snint Louis is the one generally present 
in Marion county; it is frequent in Mahaska and not unusual 
in Keokuk county, being seen in the small quarries east of 
What Cheer, similar openings near Sigourney, and occasion- 
ally along the Skunk river. In Washington county the suc- 
ceeding erosion has very generally cut it away, though at 
Brighton it is typically preserved. 

The greater portion of the fossils which are labeled as 
Saint Louis and as coming from this region are from these 
layers. The fauna is more abundant perhaps in number of 
individuals than of species though the latter are not few. It 
is very largely made up of brachiopods and other open sea 
forms and includes among many others the following species : 
Spirifer littoni Swallow, Atht/ris svhunatlrata Hall, Proiittc- 
his martjinocinctus Prout, l^entrcmites koinuvkiuna Ilall, and 
Xaphrentin pellaemtitt Wort hen. 

Detailed paleontologic work has not 3'et been done in any 
of the region. 

Vertfi bedit. — Preceding the quiet waters in which the Pella 
beds were laid down there was a period in which ajiparently 
there were many and rapid changes. This period is marked 
by a series of rapidly alternating sandstones and limestones. 
These individual lavers are rarely of more than verv local ex- 
tent and have no stratigraphic value. The sandstones are in 
part fine-grained, white, calcareous, and in part coarse and 
ferruginous. The limestones are compact, fine-grained, ash 
gray in color and break with a clear conchoidal fracture. 
They are very rarely' fossiliferous. Fretiuently thi'V become 
brecciated, and it is this particular phase which ontM* gave 
name to the entire formation. The breccia consists usuallv 
of small, roughly angular blocks of liniesinne from one-half to 
two and one-half inches in diameter, (reniented bv a calcure- 
ous cement. In weathering, thi* ditVerences bftwcon the brrc- 
ciated blocks and the nuitrix are niadtr vi^ry api)arent. The 
brecciation is in places very fine and s«m»!iis t<» grade into ji 
true oolitic structure, sucli as is cliMnicteristir nl' tlir Hidrord 
stone of Indiana. Again the brfcrjntion nuiy breonu: of a virv 
coarse t^'pe and the calcareous matrix ))c rrpiaccMl by loose t»r 
partially consolidated sands. 

In the old railroad (luarry near Verdi statinii in Washing- 
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pal exposures are found on Crooked creek, Davis creek, and 
on English river. In Keokuk county the best exposures oc- 
cur on the Skunk river where the rock is brought above the 
water level by a series of small anticlines. 

KiNDERHOOK. 

The rocks which may be considered as belonging to this 
formation, as at present defined, are exposed principally in 
Des Moines, Louisa and Washington counties. It is the ex- 
posures in the latt<»r county which have been particularly 
studied. The outcrops occur along Davis and Goose creeks 
and up English river to a mile or more beyond Wassonville. 
Three well marked divisions are found: the Wassonville lime- 
stone, English River gritstones and Maple Mill shales. 

Wassonville limestone, — This is an earthy niagncsian lime- 
stone, in places becoming arenaceous. It is fossiliferous and 
is traversed by chert bands, which are also full of fossils. 
As exposed at the old Wassonville mill and in that neighbor- 
hood, it attains a thickness of about thirty-Ave feet. It is not 
always sharply separated from the bed below. 

English Ricer gritstones, — At a number of points from Ka- 
lona to Wassonville this bed is seen just below the Wasson- 
ville limestone. It is a fine-grained, buff to white sandstone, 
or gritstone, to use Worthen's name, and is exceedingly fossil- 
iferous, the forms being preserved as casts. The fauna pre- 
sents a general agreement with the "yellow sand layer" at 
Burlington. The relations between the gritstone and the 
limestone arc intimate. 

The gritstone is usually sharply divided from the underly- 
ing shale, as at Maple Mill, where a two-inch band of non- 
fossiliferous limestone separates them. Near Kalona, however, 
they are interbedded. It has a maximum thickness of about 
twenty feet near Maple Mill, but farther east feathers out 
and disappears. At the Riverside mill the limestone rests 
directly upon the shale. 

Maple Mill shale, — The lowest member of the central Iowa 
Kinderhook is a non-fossiliferous, dark green to blue argilla- 
ceous shale, which is exposed at a number of points on English 
river. It has a maximum exposure of less than thirty feet, 
but is known to be considerably thicker. Probably 200 feet 
is nearer the correct thickness. The Kinderhook of south- 
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eastern Iowa is typically exposed at Burlington, where the 
layers referred to the formation are:* 

Feet. 
6. Rather s<:)ft, butT I imt'Slono: probably somewhat mairin'- 

sian. apparently sandy l(X*ally 5 

5. Gray oOl iie 4 

1. Soft, fine-jrraineii. yellow sanilston*', highly fossil if»Tt)us (> 
H. (Jray. impure limeston**, fra;L?meiitary. often with an 

oolitic band below J»-l,*{ 

2. Soft. fine-<rrained bluish or vellowish clavev sandstone. 

passing into sandy shales in places t*l)-JW 

1. nine clay shales, fossil iferoiis, exposed abijve water 5(> 

The Maple Mill shales may be correlated with number one 
of this section. The English River gritstones contain a fauna 
presenting affinities to that of number four, which is the ''yel- 
low sand"' from which the principal collections of Kinderhook 
fossils have, in Iowa, been made. Worthenf considered the 
beds which we have called the Wassonville limestone as the 
equivalent of the oolitic layer, number five. 

The Choteau limestone of Missouri may be represented in 
numbers four and five of the Burlington section. The re- 
mainder of that section isprobably the equivalent of the Han- 
nibal shales. The lowest member of the Kinderhook, the Lou- 
isiana limestone, is not represented at the surface in Iowa, if 
indeed, it be present at all. 

The rocks now referred to as Kinderhook were first studied 
in Iowa by Owen and were by him and his immediate success- 
ors considered to be Carboniferous. Later they were consid- 
ered by Hall and his fellow workers to be Devonian and were 
correlated with the Chemung of New York. In 1861 Meek 
and WorthenJ recognized their Carboniferous affinities and 
proposed the name Kinderhook for all the strata between the 
base of the Burlington and the Black slate, quite generally 
recognized throughout the upper Mississippi valley. The up- 
per line of delimitation is not difficult to recognize in Iowa, 
but owing to the absence of the **black slate" the lower limits 
are not so clearly defined. 

The line of juncture between the Devonian and the Kinder- 
hook is nowhere exposed in this state. While the exact divis- 

♦Keyes: Bui. Geo). Soc. Am., in. 285, 1892. 
fGeol. of Iowa, vol. i, p. 230. 1^58. 
JAm. Jour. Sci., (2). xxxii, 228, 1861. 
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ions of the Devonian have not as jet been definitely worked out, 
it is known that a well marked Devonian fauna, that of the 
Lime Creek shales described bv Calvin,* probably represent* 
the closing stages of that period. It has recently been sug- 
gested that there is reason to believe that the Louisiana 
limestone, the basal member of the Missouri Kinderhook, may 
be of Devonian age.f As has been said, there is little reason 
to believe that this formation is present in Iowa, and the low- 
est member here is probably to be correlated with the Hamil- 
ton shale. 

The larger collections of fossils from the Iowa Kinderhook 
have come from the sandy layer below the oolite at Burlington. 
In 1885 Tiffany^ maintained, and quoted H. S. Williams as 
authority, for the statement that this bed was Devonian. 

Until recently the shales lying at the base Of the Burling- 
ton section have been regarded as non-fossiliferous. A num- 
ber of fossils have, however, now been c(^Iectcd from them. 
These include a few Spir(fers, RhynchOnellas and Lingula$, 
species undetermined, which are non-diagnostic. There are 
also certain obscure crustacean forms. In addition to these 
there is one specimen which may be referred to Gomphoceras^^p. 
und. The bearing of this form is important. The genus has 
been regarded as terminating with the close of the Devonian. 
The only exception has been Gomphoceras potent Hall, des- 
cribed from the Waverly. The author states that the most 
important structural parts of this specimen were missing, a 
statement which the figure given amply justifies. For the 
present Gomphoceras pofens can hardly be considered to be 
more than a doubtful species. There arc also a few specimens 
of an Orlhis very closely allied to Orthis iowensU Hall, and 
differing from it only in some features of the muscular scar. 
The differences are not great, and yet a species maker might 
regard the form as new. In general, however, it very closelj 
resembles the typical forms from the Lime Creek shale. Gyro- 
ceras hurJinytonensfs Owen, is also found, it being a form 
originally described from the or>]itic bed of the same locality. 
The genus Gyroceras presents closer attinities with theunder- 

*Hiil. U.S. {UH)\r. aiul (jf'ol. Sun., iv. 725, 1878. 

fKt'ves: Am. (iEOLO(il^^T. x. .'{80-384. 1802. 

ifGeol. of Scott county. Iowa, and Hock Island county, 111., etc., p. 28. 
Glass and Hoover, Daven|H)rt, 1885. 
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lying Devonian than the higher Carboniferous, only five out of 
the forty species now referred to the genus being found above 
the Devonian. In each case these species are described from 
the Kinderhook or the Waverly beds. 

It will thus be seen that so far as the paleontologic evidence 
goes the shale shows Devonian affinities. This shale, as 
exposed at Burlington, may be traced almost continuously 
northward to the mouth of English river, and up that stream 
connecting with the Maple Mill shale. 

It seems not improbable that ultimately, in Iowa at least, 
a considerable portion of the beds now referred to the Kinder- 
hook, including this shale, may be found to have closer affini- 
ties with the Devonian than with the Carboniferous. 



EDITORIAL COMMENT. 



The Shaw Mastodons. 
An exceedingly interesting addition has been recently 
made to the already valuable collection of the Cincinnati So- 
ciety of Natural History. In June, 1894, a cistern was exca- 
vated on the land of Miss Louise Shaw% and some fragments 
of bone were thrown out. With unusual but highly com- 
mendable appreciation of the find. Miss Shaw immediately 
communicated the news to the society and suspended opera- 
tions on the cistern for a month or more until arrangements 
were made to examine the place. Mr. Seth Hayes, the direc- 
tor of the museum, superintended the work of excavation, 
and after three weeks of constant and careful labor extricated 
from the clay the often fragile specimens which now adorn the 
society's rooms in Cincinnati. These prove the presence of 
at least three individuals, two of which present the character, 
thus far unknown in America, of ^^ro well developed but small 
tusks in the lower jaw. Occasionally a single small incisor 
(tusk) is found in the lower jaw of the American mastodon 
(M, americanvs), but the species showing two of these organs 
have hitherto been limited to the old world. It is noteworthy 
also that the double lower tusks characterize the older forms 
of the mastodon, such as 3f. angvstidens of the Miocene, and 
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iviiiij. Tht* iritnKluctiun of a iifw namis with lh«' uno^rluin upwanl 
afcDd d-.'wnwunl limiiaiions which aro saiil t«» bound thf application of 
This, is u n fori unai^ for American pH»l(»jry. for whih* adding nothinc: lo 
th*- dt-finilfiiess uf other terms, its own oxislence is foundod on iincer- 
tainiJef tK»th at the top and at the bi>ttom. To assiirn a l«»rrane lo the 
••AIp»nkiaii" is worse than lo assijrn it lo the Hunmian. The latler 
ierm is bt^xriniiing lo acquire S4»me delimitation. It is now known to 
finbraic«^ two cr^al formations, and originallv embraced lhnM\ These 
LhT^** ire now ci'ven^i by the new term, but the new term jr^H^s lower, 
inasmuch as it descends to the lowest n*co^nizable sediments. It ex- 
i«-nds frL>m the base of the Cambrian, wherever that may lx% to the ho- 
rizon Mf the lowest recognizable sediments. 

Ther^ are two topics discussed in this wt>rk lo which it would lx» well 
it» call aTieotion: Isl, the cherty carbonale. and *itJ. the origin of ihe 
or»*s. 

The cherty carbiMiate has played a very im|>ortant and rat her curious 
role in the literature of the Penokee region. Fn>m being considen»d the 
basal member of the Hun^nian (i. e. the true Hun>nian acconling to 
JrviDff. the upfier Huronian of Van Hise,) and the source of the iron 
• ir^s of I he regitm by a pnK:ess of chemical change and concentration, 
ii is now removed fn;>m the Upi)er Huronian and put into the I^>wer 
Hur.»nian. constituting there its sole rt»prt»senlutive.and is relieved fn>m 
its iv*sj^»nsibilily for the originatitin of the imn ore. The facts on which 
Van Hise now puts this in the Lowit Hun)nian were known by Irving, 
but he did not consider them as sufticient to warrant the inler(H»sition 
of so profound a break above the limestone as this vt)lume expresst^s. 
The fad that the strike of the limestone is identical with that of the 
in>n-b»'arinsr and the <iuartz-slale memb«'rs iM)inls lo the essential con- 
cordance of the limestone wiih the UpiK*r Huronian. It ivS, to say the 
least, a rather singular member of the Penokee series. It is wanting in 
f»laces on the north side of lake Su|)erior in the same manner, indeed it 
is hardly known in Minnesota, but n*achi'S a large development about 
Thunder bay. 

As to the origin of the imn on' of the Penokee range, it is in the first 
instance found in a **cherly iron carbonate." separat«'d by several hun- 
dred feet from the foregoing "cherty carbonate." Fn>ni this condi- 
tion the rock pas.ses by chemical transformations to f«'rruginous slates 
and cherts and to aciinolitic and magnetitic .slates, the ores themselves 
being secondary concentrations found at the lowest hori/.on.s. Mr. J. E. 
Spurr, when examining the equivalent ores of the Mesabi irt>n range for 
the Minnes4»ta Geological Survey, after careful microscopic researches, 
reached the conclusion* that the cherty iron carbonate is itself a sec- 
ondary rock, and that the real source of the ore is in a glauconitic sand 
which, being in unstable chemical condition, gave origin both lo cal- 
cite and to hematite. This rock« in its original condition, is greenish, 
but easily becomes red. or reddish. It lh«'n ap|H»ars to consist of amor- 
phous silica in which float bkxxl-red globules. The globules arc some- 

^BnUetin X of the Minnesota Survey. 
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(pen. Ci/<it?tafpii() on {hi} funiihi'HSt coast of Gotland in the Baltic koh. It 
is from Ihe oldest Ix'ds of clav slate in (Gotland, etjuivalent to the Wen- 
lock and tlins old«T than the pteraspidian fishes of the Baltic provinces 
of Russia, or those found in (>alicia. He considers Pander's conodonls 
of the Russian Cambrian jrreensand are not Hsh-remains, and he thinks 
that the fish-remains from North America referred to the Lower Silurian 
are not so old. because they are quite IX'vonian in ty|M\ a. v. m. 

.4 PrfHminnry Report on t/te MarhU'4t of Georgia. By S. \V. McCallik. 
(Ge<»l. Sur. of Ga., Bull. No. 1. 02 pp.. 14 pis.. 2 maps; 181)4.) This is the 
first report which hjis been issued since State Geolojirist Yeates has had 
chargtj of the survey. The marble beds occur in the belt of crystalline 
rocks which crt^sses the northern part of the state. Descriptions of the 
various quarries and ex|x>8ures are given in some detail. The report is 
devoted almost entirely to the economic aspects of the subject, and com- 
paratively little is stated concerning the geology of the region in which 
the marble occurs. u. ». o. 

Geological Surrey of Nefc Jersey^ Annual Report for ISUS. By John C. 
Smock. State Geologist. 457 pages; 5 maps; 10 plates; and 28 f1gun>s in 
the text. (Trenton. 1894.) After the administrative reix)rt of the state 
geologist, comprising 29 pages, this volume contains a reiNirt on the 
surface geology, by Prof. R. D. Salisbury, nearly 300 pages; on the 
Cretaceous and Tertiary geology, by Prof. W. B. Clakk. 25 pages; on 
the structure of the Archean rocks in the vicinity of Hibernia. N. J., and 
their relation to the ore deposits, by J. E. Wolff, 11 pages: on water 
supply and water-power, by C. C. Vkrmkule. 13 pages: on arte.sian 
wells in southern New Jersey, by Lewis Woolman, 33 pages; and on 
the minerals of the state, with notes of mineral localities, 20 pages. 

An abstract of the first section of Prof. Salisbury's reiK)rt, treating of 
the Yellow Gravel series, has been given in the last March Am. Geolo- 
gist (pp. 203. 204). The second section treats of the extra-morainic 
drift, and is accompanied by a map, which, with the text descriptions, 
admirably displays the evidence of extensive erosion and a long time in- 
terval between the oldest deposits of drift and the moraine which lies 
somewhat farther north upon or near the margin of the newer drift. 
This moraine is more exactly mapped and described than in previous 
reports. Another section describes kame terraces, laid down in valleys 
that were still partly occupied by the departing ice. The glacial striie 
and drift of the Palisade ridge, which rises steeply on the west side of 
the Hudson river north of New York and Jersey City, are of special in- 
terest in showing that a general current of the ice-sheet ]tBSsed from 
northwest toisouihcast across the highland. 

A very thorough exploration, chiefly by Mr. H. B. Kummel, of the 
shores, deltas, and other prtxifs of the ice-dammed lake Passaic, is elab- 
orately reported, with a six?cial map. The lake area extends about 30 
miles from southwest to northeast. Its old shore-lines have an ascent 
of 25 ft»et in the first six Xo ten miles from the southern end; in the 
next ten miles there is an ascent of 15 feet; and in the last ten miles 
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northward, again an ascent of about 25 feet. The average differential 
uplift of the land, since the time of the lake existence and the closing 
part of the Ice ago, is thus about two foet per mile, bi»ing intermediate 
In amount between that of the southern half of lake Agassizaod that of 
the eaist end of lake Iroquois. The maximum width of lake Passaic 
was about ten miles, and its maximum depth was about 225 feet. 

w. u. 



CORRESPONDENCE. 



Divisions of the Ice Aoe in the United States and Canada. After 
reading Mr. Upham's papers in the last December and March issues of 
the American NnturaliHt^ I have been led to reflect further upon the suc- 
cession of the glacial deposits in North America, and to send in this 
letter informally some of my conclusions. A year ago, in correspondence 
with a brother geologist, I remarked that the criteria for a satisfactory 
classiflcalion of the glacial series depend upon the terminal edges and 
moraines. Every terminal moraine denotes necessarily' a read van ce of 
the ice-sheet, or scjme temix)rary halt or slackening of its final retreat. 
Hence there must have been as many glacial stages as there are mo- 
raines, separated by as many gaps or ad interim deposits. Mr. Upham 
has described no less than twelve terminal moraines in his western field 
of labor; hence at least twenty-four successive phases of climate must 
be predicated. A still larger number of moraines, fifteen or more, are 
mapped by Mr. Leverett north of the Ohio river. It is likely that the 
mild intervals have varied in their importance; but whatever truths are 
involved in these premises, I remarked, I was ready to accept. 1 find 
now that these premises lend to the establishment of a grand unity, not 
unlike that of the Federal Union, E pluribu^ unum. 

Prof. James Geikie has recently reclassified these epochs in the third 
edition of TJie Greut Ice Age, noting the existence of thirteen of them. 
The first number is the early and greater part of the Pliocene, and the 
last is the present or only postglacial time, while between these are six 
glacial and five interglacial eix)chs. together making the Ice age. The 
first glacial and interglacial epochs (Nos. 2. 3) belong to the lat« Plio- 
cene, being represented by the Weybourn crag and Ghillesford clay for 
the glacial (2), and b}' the forest-bed of Cromer for the warmer t^rrane 
(3). Hence it is apparent that the Age of Ice is partly Pliocene and 
partly Pleistocene or Quaternary. In America, also, a great difficulty 
is removed by assigning eix>chs 2 and 3 to the latest Tertiary; for. in 
doing this, the LafayiUte p«»riod is disjH)sed of. It is so obviously re- 
lated tt) the Ice age that Upham and others have referred it to the Qua- 
ternary era; but according to the Lyellian classification it must appar- 
ently be Pliocene. The Glacial age then belongs partly to the Pliocene 
and partly to the Pleistocene. Nothing except our hesitation to change 
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ir* > •:.£■*•<.: :iM*r*. irhiixtHH- h<'*iiihl«*s l»» rnil the lji»fHVfti*' frVHV^bi 
rihr.iij ,! ^'V'.sr-.h. i^-i him <\pluiii hum- rrvsinllini- humUli-rs. f*»»hhh^. huA 
j«rb"i»;*^. "^r-.»m ihf iKiribf-rn ArrhH'iiii cur\ it»now tlif Wississippi t«"> il« 
m-Liir .P-i:!' Atimu Th^-A musi bhw V*t'vi\ iri*7is]H»nin1 m ihou>iMnd 
m:.*'v. h zT*'uur c\\>Vhi)Cf ihhn is krh»mii fur aiix oilwr C"I»oim1 di^hris. 

F'ir;r,*-r. 1'**- luir Tt-nmrx whs a timt' of hich c»nUiT>rnUl rlr'xmh'm 
f'-r S^r. N'»rth. Amfricn and rK»rll>frii Knr»»iK'. nnd ibis has Nv^n Ihou^ht 
K« hcc"iirii iv'T ih*- origin Iff The cold climai*'. IVi^fcSMi-r (voikif slat***** 
iha: ♦-•v-rjk ".r;'' «-f h:s rlafial t'linchs commriicrs muh tbr land al a lu^h 
s;jiir^ .'f ->\aiioTi . <>minj:, jwrhajis, lo th«^ wrijcbi ol iho aoonmulaiinit 
icf. Th" cnisi .>f ihf t-urih sinks domn. >*» ihat ihrso r|».»ohs ond ^Hh 
d*^f»r*-s>3'Hj. I>t» Dot 1h«*se facts inx^vf a Ct»«nfClii»ti of ih«^ oold wiih i^]r\a- 
iii»n^ A !i<l if Sit, was th^-iv any PU'isUici'no «'|VH"h mht^n tho oondnionx 
Wfi^r** m^nv fav«»rablr iban lb«»**' of tb<* Lafa.M'lto o]»»vb f<>r pr»^1uom^ 
ih** C"ld .' It is juissiblf thai ihf fact will Im^ f»aind o\on moro than t!^ 
thus claim«Hi. and that the Ijifavotto mav haw horn Iho timo of ma\i- 
mum !;i.*tciati«>n. B^caust* of lh«' «^\ist«'nct» of tho Lafaxotto jrravolK 1 
have formany y^ars insisttnl. in con\vrsaiit«n and clavs instruction, that 
the entire Atlantic and Api^lHchian hitrhlands wen* snt^>^-c)ad al \\\in 
lime, the resrion b«*inir truthfully descrilnnl in l>awson's h\imo!\>us lalvol 
of Appfifarfn'ii infelU. Striation has lH*«»n menli»>ned as iHVurhnu <^^ ^^^ 
Virjrinia «»r North Carolina mountains hy U. P. Stexens, in an old «Mi* 
lion of Dana's Manual. While I aprtv with llil^rnrd and Tpham in <v- 
lieving the Lafayette beds to have bivn laid down by torn'ntini s*ir<*amH> 
those who think them estuarine or liMornl may be tMpiallx well ,*iati>*fWd 
of the existence of glacial conditions. 

Next let us see about the unity of the Ici* ape. In the later Pliocene 
the climate in hi^h northiTU and southern latitudes beeante cold eno\i|rh 
to originate jflaciers which have never ceased to exisl in the n^moter 
centers of dis|)ersiun, like the Al[>s, Scandinavia, and some (lortionH of 
both Americas. It is then*fore a ^iV^^/ry^fTiW, characti'rixed by extn^me 
Hnd continuous cold. The refrigeration comm«*nced grailuallv. and af- 
ter a warm interval, culminated in the second or Kannun e|HM»h: since 
which time the colder stages have been less and less extreme. t)ur win* 
ters, with their alternate sfiells of freezing and thawing, btit having h 
culmination about the first of February, may illustrate the var} ing con- 
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.i.->-c.^ .f :c-^ -kri'n'i r?»*^: wiafcitr. Th^d>>fBtAaDt feature of the eleven 
-j:«>rr* • f •^/»^:^ i* rv-vio^*-*. wfcicir w:** a marked chancre frum the ear- 
I>r o.-t-i:':.. ts .- V-.- >*«* latitoi-*^ Ice. h->w<?v«T. was not uDiversal, 
a!i-i i -i !> c cr.Ar^irvr.A^ ihr ;r<f:<ical rt^jns *>( fh^ earth Other prin- 
r.p— • at is-: >- 'aif^^-Hi :e th*^ cla£»ifcatkHi of the later epochs »boui 

Th:* v:-w .^ aii::j i* ..f^-^srii to an early advocacy of daality, which 
f>-rhaf«»n..w aiirhi &i< ^ :B:^5ted cpi>ii. with the great iocreaseof knowl- 
^dz*-. Mc«'ier-'* »>|Kfi>.t* in 1S»>*. resardio; the history- of the Quater- 
nary » Am. J'/Qr. Sc:.. III. \-*A. rar. pL-MSf may be cited for an example. 
••CVr::»-ciively the iw«^ *eriT* of defawits indicate that the Quaternary 
onsi^tird of two and only two rreat epochs of coMtthe later com prisini: 
two or more ^uh-epochs-; that these epochs were separated by an inte^ 
val thr»^. five or ten iim«^ as loo^ as the pnstrlacial interval; that the 
earli«-r cold endured much the longer: that the earlier cold was the 
less intense and the resultinr ice-sheet stopped short (in the Atlantic 
sIof^» of the limit reachtrd by the later: that the earlier irlaciatioD was 
accompanied by much the greater submer^nce. exceeding 400 feet at 
the mouth of the Hudson and extending 500 miles southward, while 
that of the later reached but a tithe of that depth or southing: and that 
during the long inlerglacial interval the condition of land and sea was 
much as at present . " This idea of duality may have been derived from 
an attempt to correlate the eastern phenomena with the *^wo cold epochs 
infern^ for the deposits in the basins of lakes Bonneville and Lahonton. 
It is noteworthy that Gilbert found only a short interglacial phase in 
Utah, which did not correspond with the one just mentioned for the 
east. It seems to me that the two moist maxima of the Great Basin, 
with their short interval, can be best correlated with the two great^'St 
successive glacial epochs, as the Lafayette and Kansan. The later 
stages ma}* not have been sufficiently intense to affect the extreme dry- 
ness of the far west. 

It M'ems clear then that the Lafayette may represent the first glacial 
epoch, the Kansau the second, the lowan the third, and the Wisconsin 
the fourth. At present it will be profitless to attempt to disentangle the 
succession of moraines in Ontario, New York, and New England, or at 
least I will not attempt it. Perhaps the greatest of the northern New 
England moraines, which, I have thought, may be traced from the An- 
droscoggin lakes to lake Champlain, aYid w^ch has -been noticed in 
northern New York by Mr. S. P. Baldwin, will be found to continue 
westerly north of the Adirondacks into Ontario and to approach the in- 
terglacial beds of Scarboro'. What an interminable series of mo- 
raines there must be between New England and the remotest Lauren- 
tide pile of glaciated debrisi 

The new correlation must give us a Champlain glacial epoch, perhaps 
the fifth or sixth of the scheme. I think the warm Scarboro climate 
cannot be correlated with the arctic Champlain cold. Recalling the 
common fact that the European glacial e|x)chs terminated with depres- 
sion, it is obvious that the Champlain-St. Lawrence estuary may have 
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V-en a cold body of water info which glaciops discharged bergs. It is 
nt»t easy to understand the presence of the bon*aI mollusca \x\\o\\ any 
other basis. The submergence lessened as time projrressed, for the Leda 
clays are overlain by the Saxicava sands. With this arctic .sea I would 
ass-jciate the local glaciers of the White and Green mountains, as well 
as th»>se described bv me in Maine, and others de.scribed bv Canadian 
ff«*oloirisls in New Brunswick and Quebec. The fossiliferous strata are 
in some places covered by a till with large, more or less r.)uiided boul- 
dt*rs, on the coast of Maine and on the sides of the St. Lawrence valley in 

• 

Qu»»N'C. Sir William Dawson sp(»aks of it as a "second boulder drift as- 
sociated with the Saxicava sand, and apparently resting on the terranes 
cut out of the older clays." If we consider that Dawson confines his de- 
scription of the ''Canadian Ice Age" to the continent as it was in this 
Champlain glacial epoch, we can accept his conclusions as truthful. It 
was a cold ocean, with floating ice and glaciers discharging from both 
the north and the south. 

Ells and Chalmers, of the Canadian Cieological Surv«»y, have repre- 
sented that the elevated land of New England and adjacent parts of 
Canada and New Brunswick was a center of dispersion for glaciers, and 
that no ice ever passed from the St. Lawrence valley over New England. 
Not to be misundersto<Kl, 1 will quote from Ells, in the Canadian He|H)rt 
for 1880, page 44J: *'The theory of a universal ice-sheet of many hun- 
dreds of feet in thickness does not apix^ar to meet with much support as 
api>lied to this region. Proceeding southeast from the St. Lawrence 
basin, three principal ridges,. . . .with elevations from 1,000 to nearly 4,- 
000 feet above the .s«*a, would have to bi? surmounted, which would re- 
quire a propelling force imparted to the glacier, the source of which 
cannot be found in any great continental elevation relati'd to tho St. 
Lawrence valley. The great diversity also ob.servable in the direction 
of the slrije at different ]K>ints would appear to be op|>osed to this the- 
ory, for over a greftt iwrtion of the eastern Cambro-Silurian area, there 
is a general course either to the southeast or northwest. If we accept 
the former course as that in which the ice passed, we must explain the 
manner in which the ice-sheet overcame the gra<lual ascent from the 
valleys of the Ma.ssawippi and St. Francis riv««rs, which have an t'leva- 
tion of .I.IO feet above the .sea level, ((►the height of land on the Maine 
border, which reaches an elevation of from 1,8(X) to:^,8(X)feet. The theory 
which ignores for the most part the existence of the great continental 
ice-sheet presupposes the presence of local glaciers which formed along 
the summits and crests of the principal mountain ranges, from which 
the ice descended in either direction, influenced largely by existing to- 
pographical features." 

The following notes from Mr. Ells* report for 1887 (page lOOK) fur- 
ther illustrate his views: ''Among the most interesting surface features 
in this .section is the presence of scattered boulders of Laurentian rocks, 
gneiss, labradorite. limestones, etc." These have been used for build- 
ing a church; and the elevation of the boulders was from 450to 000 feet 
above the St. Lawrence. Similar boulders occur farther inland, both 
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hisrhi of 4,000 feet by boulders of fossiliferous sandstones, which occur in 
piaicv OD ihe north and northwest. The mountain itself is conniMised of 
^rranite. but none of the jjranite is found on the northwest side. The 
f«.»>siIifepous blocks are found southward all over the state, down to the 
seashore. 

The diKtrine of local glaciers in northern Maine was advocated by me 
in lS<>l-*62. Glacialists have not quoted this, perhaps because at the 
SASie lime 1 held the iceberg theory to account for the general drift. 
All ihr statements then made about the local glaciers of the St. John 
»nd other valleys were correct. I presume that with the recognition of 
numerous stages constituting together the Ice age, glacialists will be 
mtire favorable to my advocacy of the abundance of glaciers in New 
England during the closing part of the period, distinct from the great 
mass of the ice. However, I cannot accept Mr. Klls' views of the north- 
westward movement of the ice in thi^ neighborhiKKi of lake Memphre- 
magog. The movement there was to the east of south. Owl's Head 
has been traversed by the same movement and could not have been of 
itself a center of disi)ersion. C H. HiTriUHM'K. 

Ilanorer, X. 11. , March 14, J8tf5, 
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The board of managers of the Iowa Geological Survey 
at its April meeting elected Mr. H. F. Buin ussistant state 
geologist in place of Dr. Charles R. Keyes who recently re- 
signed to take charge of the Missouri Survey. Mr. Buin has 
been an assistant geologist since the organization of the sur- 
vey three years ago and is thoroughly familiar with the de- 
tails and workings. He has pushed his investigations with 
great vigor and foresight and some of the results of his efforts 
are soon to appear in the forthcoming volume IV of the Iowa 
Survey now in press. This work will occupy the greater por- 
tion of a large quarto volume, illustrated by several colored 
maps, plates and numerous cuts. 

The legislature of Missouri has given the Geological 
Survey of that state its regular appropriation. The bill for 
the continuance of the work passed both houses without a dis- 
senting vote. In the senate $6,000 was added to the amount 
allowed by the lower house and recommended by the senate 
committee on appropriations, w^hich amendment also passed 
without opposition, butin joint conference of the two houses 
it was necessary for the senate to recede, owing to lack of 
funds available for the next two years. Of all the appropri- 
ations made that of the survey was the only one which was 
not cut from the original amount asked for. 
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In addition to the amolxt granted to the Missocbi 
LOGICAL Sl'uvey the legiiflature of that state also appropriated 
120.000 for the completion of the topographic survey of 
southeaistern Missouri for the purpose of reclaiming swamp 
landis. This is a work which has been in progress for severs! 
years independent of the Geological Survey. The amount al- 
lowed was with the understanding that it would complete tta 
work and no more be asked for. In the future this allotment 
will be expended under the directionof the Geological Survey. 

TiiK Univeusity t)F CHirA<io has purchased the paleontolog- 
ical collection of Mr. U. P. James, the paleontologist of Cin- 
cinnati. This collection contains many types and unique 
specimens and will soon be made accessible to students. Itis 
especially rich in fossils from the Cincinnati group. 

Miss Flouence Bascom. Ph.D., for the past two years a 
member of the corps of instructors in the geological depart- 
ment of the University of Ohio, has accepted a position in 
Brvn Mawr University. Dr. Bascom*s record as a teacher and 
her th(»rough geological training assure the success of the de- 
partment of geology at Bryn Mawr under her direction. 

PuoF. N. II. Winch ELL, managing editor of this jourval 
and state geologist of Minnesota since 1872, sailed from New 
York on the 17th of April. He expects to spend a year in 
Europe in geological study and investigation. During his 
absence Dr. U. S. Grant will look after the interests of the 
Minnesota Survev and of the Amkkican Geologist. 

Mk. Waruex Upham, recently of the Minnesota Geological 
Survey, has removed to Cleveland, Ohio, to accept the posi- 
tion of librarian for the Western Reserve Historical Society* 

Hknky B. Nason, for twenty-eight years professor of min- 
eralogy and metallurgy in the Rensselaer Polytechnic Institute 
at Troy, N. Y., died January 18. He was born at Foxboro, . 
Mastr., in 18:U. graduated at Amherst in 1855 and at Gottin- 
gen in 1857. From 1858 to 1866 he was professor of natural 
science and choniistrj' at Heloit college, Wisconsin. Three 
years ago he suffered a slight attack of apoplexy, the return 
of which terminated his singularly honored and successful 
career. 

Pkof. Fkanz Posktnv, of Vienna, died on March 27th. For 
ten years he held the professorship of the Science of Mineral 
Deposits in the Mining Academy (»f Przibram. Prof. Posepny 
was well kn(>wn to Americans through his elaborate treatise 
on the "(Genesis of Ore Deposits,'' presented at the Cliicago 
meeting of the American Institute of Mining Engineers and 
published in volume xxiii of the Transactions of the Institute. 

Pkok. Jamks 1). Dana died on April 14t.h. In a future num- 
ber we hope to give an account of the life and work of this 
distinguished geologist. 
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REMARKS ON DAIMONELIX, OR "DEVIL'S CORK- 
SCREW," AND ALLIED FOSSILS.* 

By Joseph T. James. M. Sc.. F. G. S. A., etc. Washington, D. C. 

(PUtesXIandXII.) 

In the summer of 1891, Prof. Erwin H. Barbour, of the 
University of Nebraska, Lincoln, during a visit to the ** Bad 
lands *' of northwestern Nebraska, obtained some specimens 
of a remarkable fossil. It had long been known to ranchmen 
as the " DeviPs corkscrew," but previous to Prof. Barbour's 
visit had not been known to the scientific world. The first 
account of the fossil appeared in ** Science " for February 
19, 1892,f and in this preliminary notice the name Daimonelix 
was proposed. They were gigantic and grotesque objects, 
and ever since their first notice they have been objects of 
wonder and speculation. Since his first visit. Prof. Barbour 
has twice re-visited the locality and has secured many other 
specimens. These have been diligentiy studied by him and, 
as a result, we have two other papers^ from his pen ; one pub- 
lished under date of July, 1892, and the other, July, 1894. 
The latter has just been distributed (March, 1895). In addi- 
tion to these papers a popular article by Mr. F. C. Kenyon 

♦Read before the Hiolo^i^ical Society of Washington, March 2^, 1895. 

fNotice of new gigantic fossils. Science, vol. xix, pp. 99-100. 

JNotes on a new order of <?ijranlic fossils. University [of Nebraska] 
Studies, vol. i, no. 4, pp. 301-3:^5. pi. (». July. 1882. Additional notes 
on the new fossil, Dnvrymelij:. its mode of occurrence, its gross and 
minute structure. Ibid, vol. ii, no. 1, pp. 1-lH, pi. 12, July, 1894. 
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DaimoHelix and Allied Fossils. — James. 839 

which have given to science so many wonderful forms of life. 
The "corkscrews," as far as now known, occur over an area 
of 400 or 500 square miles. They have a vertical range of 
from 150 to 200 feet, according to Barbour. The tops of the 
hills are capped with sandstone, which is underlain by a com- 
pact layer of light yellow flint, 18 inches or 2 feet thick. This 
is quarried for a building stone. Below this is a very homo> 
geneous and more or less coherent sand- rock, from 800 to 
1,000 feet thick, under which again is a layer of marl. The 
continuation of this marl to the northward forms the Bad 
lands of Hat Creek basin. It is in the upper 200 feet of the 
sand-rock underlying the flint that Daimonelix occurs. 

Beyond a mention of the Miocene in connection with the 
fossils. Prof. Barbour does not discuss their geological posi- 
tion. But Dr. J. L. Wortman, in a paper read before the New 
York Academy of Sciences, Feb. 11, 1895, and reported in 
Science, (n. ser., vol. i, p. 306,) positively identifies the forma- 
tion with the Loup Fork division of the upper Miocene. He 
agrees with Prof. Barbour that the beds are of sedimentary 
origin. 

The opinions that have been advanced as to the nature of 
these fossils are various. Some have considered them as bur- 
rows of animals; some as having been made by shells; some 
thought them to be roots of plants, and some said they were 
Alga;. That they are really of vegetable origin seems to be 
settled by the results of Barbour's studies of the tubules be- 
fore mentioned, which show evident traces of plant structure. 

One point seems to have been overlooked by all who have 
written upon them. They have been considered as unique 
and without resemblance to any other known fossils. As a 
matter of fact, however, they are not unique except in point 
of size. Similar fossils were described by Oswald Heer in 
1865* who called them "screw-stones," and who published the 
figure here given. (PI. XI, Fig. 3.) He states that the fossils 
occur in Miocene strata in different localities in Switzerland 
and describes them us rods about the thickness of the finger, 
upon which are situated spirally wound branches of the same 
thickness. He considered them to have been made by boring 
shells, a number living together, and sending out the spiral 
♦Die Urwelt der Schweiz, p. 438, J8(i5. 
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DaiMonelU and AlHeil Fo»*iU. — Jnfnt», S41 

which enrelcip^s them." Nothing approaching a perfect 
specimen has ever been found in New York or oth^r looalitied 
where Spiropkglim occurs. A comparison of HaH'R figures 
showing the upper and lower surface of a whorl of N. tppntn 
is very like a figure given by Barbour, as shown below. 
(Fig. 1.1 There seems good reason to refer both to the name 
class of organisms. 




Fig, t. Vie* ol one coil o( AiimnnWn fi.Ahim lUrboiir. (Alter Itmhour.l 

A number of generic names hnve been given to the fossils 
described by Hall but Tntininnii of Fiseher-Ocister. proposed 
in 1858, is the same as Hull's S/iiro/'hi/foii and has priority by 
five years. 

There is still another genua of fossils wiiioh has evident 
affinity to those mentioned above. In 1H88 I'rof. J. S. New- 
berry read a paper before the New York Academy of Science* 
in which he described a new geniisof "screw-like" fossils from 
the Chemung rocks of New York, under the name of Spinixi* 
Two species, S. wajor and ti. rniiiliilli, were described. They 
were simply casts in sandstone without any trace of animal 
matter. (PI. XII.) It was supposed thtit they might be Algie 
or sponges but no definite ciiucUision was reached. They 
have also been compared to eggs of fossil fishes. The rocks 
in which they occur are full of impressions ot S'fiirophytoii (or 
Taonnriis) and this is significant in the light of our present 
knowledge. When we consider the theoretical plant of Hall 
and the presence of the spiral fossil of Newberry associated 
with fragments of Tiiontiriis, the inference seems to be fair 
that the relationship is very close. Again when we note the 

*I>>>acrli>'loi>K <>' some peculiar srrcw-likf TiikkIIs rnim {\n- ClirmuiiK 
nicks. Ann. N. Y. Acad. Nm. Sci., vol. 'J. |)|i. Sli-330, ISS.'i. 
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The Geology of the Coast Ranges, — Lawson, 343 

port. The present note is intended as a brief abstract of that 
paper, which shares the usual delay attendant upon govern- 
ment reports. 

General Outline of GEOLociv. 

The investigation of the geology of the San Francisco pen- 
insrula has revealed the existence of many sedimentary and 
igneous formations. The grouping of these in accordance 
with well known geological principles reduces them to seven 
groups, which, by reason of the technical sense attaching to 
the word (jroup^ are here referred to as terra nes. This term 
is used as a necessary expression for any formation or group 
of formations in connection with the areal distribution of the 
same. These seven terranes in the order of their geological 

age comprise : 

1. Crt/Mttiffihtr UnirMfoftt\ a;r»' unknown. 

2. frniHt'te, n'f»»rriMl to as the Montani granite, intrusive in the crys- 
t;illiin' lim»'ston«'. 

',i. Th»' Fraitciitran «enrn, an assemblage of sedimentary and volcanic 
rocks of great thickness, with which are associated various basic intru- 
siv.'s. notably iH»ridotite seri>»ntines. This series rests uiK)n the eroded 
surface of the Montara granite. 

4. A formation of light colored. cavernous- weathering sandstone which 
is siip|H>se<l, doubtfully, to be of 7\jon {Eocene) age. 

r>. The \foutereii >*erie-n {Mioeene), chiefly white, siliceous, bituminous 
shah', practically devoid of detrital matter. (Nos. 4 and 5 together re- 
fx^se indifferently uikhi the Montara granite and wyam the worn surface 
of the Franciscan strata just to the south of Lat. 37° 30.) 

('». The Merced nerii'ii {Plheene), a thick volume of sediments with one 
stratum of volcanic ash de|)osited after the erosion of the Miocene. 

7. The Terrace formations, Pleistocene and later. 

Of these seven terranes, the Montara granite, the Francis- 
can series and the Merced series are the dominant features of 
the geology of the peninsula north of the parallel of latitude 
mentioned. South of that line in the Santa Cruz mountains 
the Monterey series is largely developed. All seven terranes 
are important factors in the general geology of the Coast 
ranges. The consideration of the petrography and tectonic 
of these various terranes, both as a whole and as regards their 
constituent sedimentary and igneous formations, opens out 
many interesting problems. These have to do chiefly with 
conditions of deposition, metamorphism, diastrophism and 
geomorphogeny. The Montara granite introduces us to the 
still unsolved problem of the development of batholitic mag- 
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fected lift iiiM uiit wiiisu nn-v- sd -r*3cirTlBueer. d ann Hwiii 
part "frf mttt jciutew- ir -rtTiiiuu« o tni- niotMTi ^oninrrphr » 

Oii]t .h -xHirT imml -r^ninoit* o: till- umaaxun H^^in*- irithin 
the liiiiiii» id tur iitscu uttiiou^ r i- rscieiwiven d^veiaped, 
in a «iiiiii4ir^ rtmniiin ti "tie -flust- ^rnmit- ifc- tiMi^ ir Blunittni, 
in tb*- SifcOiXii ". 'ru7 ninimiiitu^ o tif -f^^iiti- Tiit ninrtiH- i#<?nuw 
as a *3MuZ jiuxot m tn* -^imtrnw**" -§iu* ti: .2*iwTciTi»f' onnirn 
beJow iijb<- fQifnit dini.. uiit. k -iitier* a Jtrcp?* niciiwiin. iti xhf 
gransiit oc if h 3Hfmin n: ttt* innuaiiin ▼rni*?!. iimih iiTohfld 
OTer 1tb^ iLxitriwi^'i mwsb Jr. i- v-^r;" •rnsurn i. T^niuuiu iiT ii jm- 
granDT*^ fccmiuTiiin- "Wiiiui wifc- invMUrfi nr. tif^^rrimm tiuitinlrt*-.. 
Lik*- nua:T ♦fuiifrr jiia*niH^ ii9«ir*urt'i^i TTti tiit ^rrttiirtft* ci! trtw 
sc»atbi-rL <.{nHn Tiiu|rt*h. n it- fiuur^t wfti ^ctiit* ii^ irruiihiifi. 

Tht r^hxJTtt iuuMznin^H- tm niiH^if ir tiit won mninituinnu* 
rid^ '»^ta«t rjw*f ttifuin^v *Tiin. tiit tjinrr* ii. tiit <*iiiiiiTwt?«it!m 
part <»f lib* Titn.iiwuui n ul «H»vuxiirL n: ii<?ar?T i:,MHi» ftna ll 
fonnf am c^it. iirtn* wtntiit njuiir u::l^ i^ i^ri. niii*^ ii. H?Ti|rufc 
and ka.* n ii?«rLbw^*«i unL *niinii»?u«: iTtjiiL ]mralH!. tc- ttn piT>- 
eral tirei^d tkf xiit < .im«T ruiur^i*:. 1' *'5:i^iiaf Tmn: }i(iiiii Nan 
Pediv* 1.:. n Uvijn- iffvmiL iu^ jii*** iiin»v< <. •^-niaif S]irin|irf' lakft. 
The mmxjnjLiL "umiH»vtrr4H iiittiu*i4?r »il iiit Krt?ii if fiuir miWtft. 
The ^T*^J1* if it jetJiHjrtt. la "imTH* zr^3 . iKirutiiencif-liJotiT-r 
granitie. lKinilii«n6f |ir«}Mfiiarraiiii^. LiKml.'T ztn biotiu- if 
the <*b3f'f diLrk etoHnjitutfiri. Vuriduf ♦Jirkidrciinai*' ftocitf of 
the rc^rk <^c»nir, Ttit?4#t art uu^ ii iiit rt'ia^rvt }i?-i»j»{irt*ioTif in 
which tbe -efifteuxial fiiiim.i:uviitf apj^eur. liit (KTcaflional por- 
phTritk' f burat-UT i»5 xijt iiii-Lt»jt*uat-. xiit hk'k: ahiiTidaTio< of 
the a cc4. ' .0D c*rT ttou^tirutmi iiiau:!*-. aiic tlit del (»nnftti(»Ti of the- 
rock bj ^bearing artiuii. re*»u:iiiiiC -ix rud*- folinUoTi aw^oriatod 
with the deTel(»piDent of sefoudtorr tootite fr(»Tiith< homhlondr. 
The prevalent farief if verr quhrLzt^**- ai)d haf ]».a£:iofii4Hr h'p 
parentlj&ot le^f abundaL't ThuL urtijiK-.hj*t . Iv. \hri(»iif pavvv of 
the maes ba«ic «*erretioiif byjH-ur :i; iht form of dark p«n-hos. 
PejnnatJtic and ap]iti»* dikef irnvtr-H the iiioinil«in in nil 
posfible directions, fo^JftinJe^ ii; w*-]] dtfintni "fissuros. >i»>nu' 
timef in exceeding:] v irregular intrLisi.'nf. Tho uplilo^ «?id 
pegmatites are not t^hhrjiij ft-parhbit* but niwv p'«d< mlo onr 
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Till- presuEptioi; mu*-: h*- keyiT «T/*ii<iiiy ir. vi^wtri it i«j Tieirn- 

on* o:. eitjjer sidr of Merrei; Tjniu-y. Mrhir-f tf«v*-r*PH thi* ]>#»n- 

HTttt i- it ot-ii of froc: ton: l^ tir* tpi!'*'- vH. Mhfflj flftnk'^ 
3iontar;i mountain oi. it* nnrth^'Ji*": ^iH* nT»«i rT»nfArni«» t«» it?* 
t?trikt. Til*' bell exK^mi- froni t4i#'*>t*»*-T*^r «loyw»rf r«f fh»* m/^MTn- 
taii: out t«' tht- ed^' of thi ll^n*«i vmHi-v. iimi f«rth#T wmith. 
w^iien- tlir terranc- i* not n^w repr>Hti.nt«i, *-»«it t'« th«'«ihof^« nf 
till- bsiv. Tli»- north^rij ^r^tx c»f th*- Krwn^?**^?. t^rrnni- M^». In 
tiif- trian^iar eectioi- of th<- penin«<ilH u*hi<»li f* ^it^fntMl h«- 
rween Mereeti valioy. th#- i^^oWi'ii «*fit«' nfwi th« Hay of Sfiti 
FraiKMiWi;. Thf formation*^ of thf- «Ari^^. wifli th<- n«i»oofnt#nl 
eruptive*- occupy al. of thi- «^«iiiini;)y Irrtiriiliir «»hfM*^r of 
peuk»^ and riiifre^ withiij tin arpa imii^nit^i. Ofh^r rof^W. 
however, ahart- witii ihf- Franni«*»af. «<»rW fh«- o<v»upfiT»ey of 
the area. The terraee forma tioni* an<l %\u- «mml «lMn<»v wfni! 
in among the hilh* and ri€i|r«^. ami fov**r th«-lr lower ftanV*. 

The varioiMi petrri|rraphiRany dwreM- formtiHon«* whfeh 
make iip-the^*'ranci«can nerii^ ar«* : 

1. A basa! formatiori of cijii*rl«»m»TMti»«». f»mf^ irrlu. ■nmlii«fi«'%. *hnly 
8undRtom*s. shut***- and anrillitrrMMt^ |im<^uiti<^. 

2. Tht- "Sail Fmiiciw*' samlM/im-," ih»- 4<ofnltifiiit m«MMtn«»niitn f«»rm- 
utinii of thf series; h. mtu.ivruU'\\ Mm {miiiifMl «(iimlfit'»n«*. f»ifrl> ntifft^rm 
ill character i»v**r larj?*- kt*«k. with kiiIwiwHiiiiO >vhK of nhnh- wml cot»- 
irlomeraie. The nandsUtiH- i* ijriif«irin nof *»iih hi lu lfit«Tt«I ••\t«»n«i!nfi 
bui alj»4» vf?rtically Un 4rT*»ai ihirkmnnwi^ h »* ifit4*rh4v1«t«w| with for- 
iDHtunifc «i. 4 and ft iiam^'d K(*)r>m 

'i. Furamiriiffra! liin*-*ii<»fK*%. 

4. Radidlarian rhf-ns. 

5. Volcanic nK-k*" inciiidinir ha<4Hlt»r \h\h^ und fi> ro<'lH*ii<- n**f*ijm»iln- 
tii»D&. There ar»- b«**»id**f th'-w. iritnivivr nwki^M h <v»prs.HfK»nfliiii: <*hnr- 
aci-«*r, Mime of whichan- pn»hahl> roririr»rr#«<l wifh fh*»»«' «->!rfivNi»ntJ«»n«i, 
and alsc» lutrusive jK-ridirUt*** and |«}rii\<nitr'^ n<^»w »u.rp«*n»ifiiy»'<1. 

i\, Silica-rarbtmaK- sirii<-r. 

In addition to these there »recert#*in inet«niorphi<* "ifhi^tft 
which ariPe from the local alteration «>f the PedinK-ntary or 
volcanic formations and do not eon^titnte a «eparat<* forma- 
tion according to the writer*?* interprctntion of th«ni. 

Of these various kinds t»f rock thowe elated under 1 and 2 
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call for no special comment here. The others may be brieflj 
noticed. 

Foraminifernl Ztmejrfone.— This rock has a fairly constant 
petrographical character although it occurs in at least two 
horizons. The lower and more persistent and voluminous of 
the two formations is nearly pure limestone ; the upper con- 
tains a notable proportion of clay. There are several hundred 
feet of sandstone and other rocks between the two formations. 
In general it is a very compact rock resembling lithographic 
limestone. Its color is a light drab gray to dark gray. The 
rock is generally traversed by minute veinules of calcite inter- 
secting in all directions without evidence of faulting, and by 
larger veins of dark-colored silica, usually an inch or two 
thick, traversing the rock parallel to the bedding, with occa- 
sional transverse veins. The Foraminifera are represented 
by clear hyaline spots ranging in size up to .5 mm., which, 
in favorable cases, may be observed with the lens to have the 
forms of shells. In thin section the limesteue is a structure- 
less cryptocrystalline aggregate which between crossed nicols 
appears light, whitish gray, due to compensatory polarization. 
The sections afford no evidence of deformation nor are the 
Foraminifera deformed by dynamic action. The latter are 
quite discrete from the matrix in which they are imbedded. 
The rock appears to be a chemical deposit in which Foramin- 
ifera were more or less sporadically entombed. 

liadiolarian Cherts, — These are hard, flinty, siliceous rocks 
of a prevailingly brownish red color. Yellow and green 
colors are not uncommon, however, and other colors are more 
rarely met with. The most remarkable feature of these cherts 
is their bedding. This is well displayed in numerous favor- 
able sections. The essential feature of the bedding is the 
alternation of thin sheets of chert with partings of shale. 
The sheets of chert range generally from one to three or four 
inches in thickness, with an average of perhaps two or three 
inches. Occasionally there are thicker beds. The shaly part- 
ings vary usually from about one eighth to one half an inch 
in thickness. As the sections are in places several hundred 
feet thick they present the remarkable phenomenon of an 
alternation of thousands of these chert sheets witl^ the corres- 
ponding layers of shale. 
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These cherts are in many cafiee true jaspers, but in other<a 
the silica is chiefly amorphous though of theRame excef^sively 
hard and flinty character. There are all pfradations between 
the amorphous and the holocrvfitalline varieties ami the transi- 
tion is thou|?ht t<> represent a passage In time from an orip- 
nally amorphous condition to the holoery^talline condition. 
In some few cases they pass into softer, earthy facies when 
the red pi^jment preponderates, and in other cases they pass 
locally into a quartz-rock resenihlin^ vein quartz. The Radi- 
olaria in these cherts are apparent t^> the ordinary inspection, 
with the aid of a lens, as minute dots which are quite dis- 
crete from the matrix in which thevare imbedded. Are these 
radioiarian cherts deep sea deposits? Are they wholly of 
organic origin? What is the explanation of their remarkable 
bedding? What was the rate of their accumulation? The 
suggestion that they are deep sea deposits \v^ negatived by 
their interbedding w^ith sandstones. The occurence of sharply 
discrete casts of radioiarian tests in a dense siliceous matrix 
which uHiiallf/ shows no evidence of being made uf) of organic 
debris casts doubt upon the supposition that the whole ro<»k 
may be of organic origin. The sporadic occurrence of the 
cherts in this particular field at different stratigraphic hori- 
zons and throughout the Coast ranges generally also militates 
against the organic hypothesis. If the cherts are wholly 
organic they would have formed continuous sheets of great 
extent, Thev do not. Thev occur in the form of innumer- 
able isolated areas, and the isolation cannot be ascribed to 
erosion. It is original. The silica of the cherts seems to 
have been originally an amorphous chemical precipitate, de- 
posited at local centers on the sea bottom, in which radi- 
oiarian remains were sporadically entombed. (Vcasionally 
the silica is thickly charged with this d<^bris. Usually it is 
not. The change which has taken place in the silica seems 
essentially to have been due t^ gradual crystallization analo- 
gous to the process of devitrification in glass, which ehange 
seems not to have atfected the forms of the radioiarian remains. 
The most probable origin of the hulk of the silica of these 
cherts seems to the writer to have been stih-marine siliceous 
springs of solfataric character. This *'crenitic" hypothesis 
offers a satisfactory explanation of the exceedingly irregular 
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lenses. A detailed petrographical description of a typical 
occurrence of this serpentine has been given by Mr. Palache* 
and another occurrence has been investigat-ed by Mr. 
Ransomef. Other occurrences have been petrographicajly 
examined by the writer with the same general result that 
they are referable to original olivine pyroxene rocks or to 
pyroxenites without olivine. 

There are no other serpentines on the peninsula, nor, in 
the experience of the writer, elsewhere in the Coast ranges, 
which are not the alteration of products of intrusive peri- 
dotites or pyroxenites. 

The serpentines are of later age than the basaltic and dia- 
basic intrusives. 

Silica-Carbonate Sinter. — This is a very curious rook which 
is somewhat characteristic of portions of the Coast ranges. It 
is a rusty,cellular- weathering mixture of opal and chalcedony 
with the carbonates of lime, magnesia and iron. It occurs in 
the San Francisco sandstone, and although not extensively de- 
veloped on the peninsula, it occurs in considerable sheets in 
Aucella bearing sandstone in other portions of the ranges. It 
appears to be a chemical deposit, and its occurrence in extern - 
sive sheets roughly parallel with the bedding suggests that it 
is a contemporaneous deposit, but it may possibly be a vein 
formation. Its occurrence in the Aucella sandstones elsewhere 
and in the San Francisco sandstones of the peninsula is of in- 
terest as a possible factor in the correlation of these forma- 
tions. 

Metamorphic Schists, — These rocks although not extensively 
developed on the peninsula, are believed to be petrographi- 
cally and genetically representative of the crystalline schist* 
of the same series of rocks throughout the Coast ranges. They 
are chiefly glaucophane, hornblende or mica schists, with or 
without garnets and other accessory minerals. Quartz or 
feldspar, or both, are usually present. These raetHmorphie 
schists have a very limited distribution and this has a definite 
relation of dependence upon the occurrence of the intrusive 
peridotites and other basic irruptives. The schists are only 
known in the vicinity of these intrusives, and are frequently 

♦Bull. Dept. Geol. Univ. Cul., vol. i, no. 5. 
fLoc. cit. 
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f 'nu- inr ouic tiuii till* (. ri^tiiriMMiN m> i li th. T«MliulMrM« 
?!it*r*c- In .itinniiuf- Fliiuit liii> mtMi^nj^m. m: ♦«**»< r^ 

i-ir-oi*? Tin 4fein!ra Tmuinnr\ n: tht?- piHi»nnfnUi(»iii»4 r»v 
iHfiirv h- Ti i»ui!»f tilt FTiiiinwniUi •j*crif»i- n r.hi i *n»|:»%r»?*i%iTv 
ITiiR vniiii naruinuizt witl thi* siififfrf^RiiMi tf^rowi nui m », 
f (imitr iiurrt xiiut tin jrruiur< iipnn wlunr r.h« ^f»rir^ mpfx^^v k 
id 7«iHre-. tuTttHsir upt. li K thf o|uniriii o: h/»M WhJMiiA h?%4» 
4fcwti«*r xiiiri tiit TM«t^ 41: this ii*rrit*> urt o: i rn»r4»m»rM?v i||»j- 
TlH v^ntr TtMitm'f^ m- opinKi); 01 t.Im (^itf*fliwti: til. r^rrMiifi 
-f^AOffir- lilt*- iHHH ^tttltorf»d. unci is pnnroni toi t.hr fin*«j»iM 'f^- 
iKinn inn xiniT xih f»viaenf«i.. «iirli us iJ i>». t> pf%?»iiTHmf^"j^\ h: 
xiM («i>EUi(n <v! WhiTii<7 unci Kf-o.kri Ti rttumjirv r-f hi t«wU4, 
iKnp-^'T'-f': xiun hIh -Herntf i«- n who*t h-at-h 7iirAhi«hf\ nl<fpi rlml. 
ciR tiioxrilk Aurtflifi Jiarixoii ol (;KlifaTiim Thi ^n-fM*'! Iwv 
i»r cif>iilTi irjioij tiitf "ptniii. attiioiur^ ht hirs nn\ >t»'i hn/i hii /|f» 
ftrTimiTT (»f TfVHiinx: tin fit-Id t'Xidi^ijf^ ^-htnti ^n^i Vu»r4rni r/^ ^ 
«^(fLi7riiTT (>inni(«i . and il h hi iinulW ^*iiUih\r*iht^\ l.h»»i rh? 
rnLDfi-Mr^o: -serk^ i^ i 'rt'tHOf ous ii miiffl rntnTp "nin^pvwtlh aii> 
^'•iirH-pTjiHH- (»f tin votunji «>{ iht lowci t >r'tnf*roirs iti t *4«lf 

An-ei.Tmi, im*. \n^j, riilit*d ic Itn furl lhf«1 Iht V>i«n/T«v*>»>i 
*ierJ**f 'N,ni|>rj*»t*f TlJt»t*f r(»rkf winrli Kfokr-r ]^ln^o<l iTilhr nr^l-n^ 
mc'ri'i:)?* («r Knuxvilit divifjitni <>f llu t ri'i^r^omr^. B^4*»Vi»T. 
h:wfTt-r. sTTiHUiily fxai::xrt*rMifd liit nifTfcTnnr|\ln>T)i Ci\ \hx i 'ahV^i 
rmnjET^-*'- Ttn- ri>rk^. winrli urt rlfwrlv r(»lllrnlp(^rl*T^r^4'>l?"^ va} 
runic flt»w* t»r «ul»f»rijUfiji iciH*«»ii> nnrusitoi's. he «'*li*Tsr«fMi nx 
inetJiiD»r|»iiir sifdiiiK-ijts iiudfr tin tif»sii3'nj<li<>n> ;»>•/*/<//-» r//V//»/^yf 
und /*#ff i'ih*-<Utt]iu ; liu- fitTjH'iiinu's. v inrh «rr inu-^nrvijAni^hh- 
intrusivt f»t-nd(«tiit*>, tit- alst« rlMssc'd «> m«•^^n)^^vphi^• voi^-j 
ment^ : tbt- radi(»lhrihii rlit rt> ht- rcj::Hrd«Hi «> tiul^w.^vpliAWiNi, 
pJlicififHi shale*. Tht-v art ctriainlv noi Mlioiti«^<i >h«]ov hn< 
originnl siliceous dt-jMisits iiittrrNlatfti >^nh |vri<vri\ \\r\n\- 
t^red siandstonfs. If wt- nil ou\ thts*' ihr«M in\j>.>rt«n< jjron^x 
of rock§ from hi? appailiiii; srhcnif M roijioti?*! n\rti*in«M ph^*n^ 
it shrink? t<> nn»rf reas«»nMhlf dimcnsi»>ns . for \xo hrt\<^ \\\<'\\ 
left onlv the glaucophaiu' ?chisls, ami llirso «ro \\\\\ oon<«oi 
zones of ba?ic intrusivt?. A fearful inouhus i^ ihn^ r« n^oxoi^ 
from Coast range geoh^gy. 

Structure of the Frnncf'scnn Scn'ts. Tho tootonio fort<\nv«i 



<? iii'- ^^r**". »- ntiiui^' •>:• If'- bb:^ rxBiiCMr Denmsu. 

t,f %fT'- ffr*«rtr* rvjunuiriM;'^ A- ickbiu- it- vouik- c Uj- 

«Liii.«riM«'T: . »" tif iMUitiiry ' * tii- rnrio: reiHi?r- a: eczzniMi' 
liHfi**!!:' J ■ *• •»»**' t • •«;. . rivwrr*::. mat Uir «?«*:? i? g pTMii . 
tij(;u«»ri'l t«^t tfjici. liii"- voiani*' ol ffixmLi-. i- loioea stBe- 
Min jr. o|»^j rutf*^' liii* ^ftfriiiM- aiif antieiiBe:: li tfi^ 
•M>iJtii«-rf ptff 'r tit* litriu. iitnrfvtr, wner- UJ- stnu; jut- 
ii****!! «'rti%ru«(i tip wKttifiM ti(< Aiontartt irruiiii. ttiv foia-^ ar^ 
iiHTuitv Mtinriity raxufir^MMea anu at lea^c one aominant fthcIib* 
vhciwi- pruti(Miti«r«0 n;v«?nK;a dipr. IrauitH ar*- importai;! lea;- 
UTv^ ol til' Htrurritm . oui tfipy ar** dilticui: t« jneasurt. 
itit4*iiM* rTiiMhjnjz iH iHit a Ivatur*- of tbe I9e^ie^. except joeaiiy 
'wlii^ri' Mcili«'r iH'il>> Jiav<- been aftecieii. jLocaltv. aifii>. mteiMt- 
pitfutniti fH-cnr>- iii th«- thin bedded radioiariaii chart •" tpr 
reHMon nt ttn? ttH¥*' witii which tije^c jiaril. brittl** bed> iiavr 
iu(»v4m1 on th«* Nhuiy purtiofirh. 

InrriAin Hock>. 

Nenr hpuiHNhtnwji, a littl'- t'> th<* HOUtli of Lat. 37^ 80 . 
iiandHtdtH* HUppiHHMl toh«* of "iVion Afsa and the white si]ieeou^ 
fiiiiiif^ ot lih Mnim»n'y Heri**- fWiorciif) repose inditterenth 
CM tip Monuii^i ^Tiinit* and upon th* Franciftcaii eerier 
uniM)nloriuuht\ '1 li<* reiutioiin ar<* Fiicii as to indicate* clearly 
a rn*iii iiiirrvjil i»l rromcin ht'tween thr ciop** of the Franciecai; 
KrdiiiK'iitutioi. and tlir deposition of the Tertiary stratu. 
Alit ■ tii< Mn»fent a period c! erosion intervened wbiei. 
n-THMVid tij'- whnii' !>• th«* earlier 'lertinrv mck> from a iarp 
Tvj**' I •' 111. ri.'L'»i»i t<^' Wf tiiul j« crreat thickness of Plioeent. 
v. -:•..»■ K, ^f•^ rei»f»sm;r «»i tht Kraneise.an roeks and oi. tht 
jT":,- :, Th}^ MiTfi'd sont-« ha*- Iwei noticeil in a t'omier 
r..4T.. - v^ Ma^ bi'f'.i shown tht*r« tin* strata of this serie^ t" 

:► • -i,-!*-^ 4 ..v« • t^iif mil.- ar- nm?niliefii»tty exiw»seii n. 
-- ^. ^ :■ , ■ f' r\r\ « * NaT !• ranfi«e » ami dio ortniii- 

- - ..J - : T .' .s, .«t',i* ! Tr> ni"»rthe«<; Smrr tnei" 
. - ••.*^ \4, -.». .. T"..!-!,^ t',-,% fvf. pr.^t.iundty aT!*»Ptei.. 

\,""«,Mi«^ ,-., r'^\ fiiM-: iienuiieii froii t 

.» , •■ T.. • •-* .'I I un'<*. tr.ev wer* onrr 
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Post-Pliocene Diastropbism. 

The San Francisco peninsula is composed of two great fault 
blocks, each tilted with a gentle slope to the northeast and 
having a precipitous fault scarp to the southwest. The more 
northern of these blocks extends from Merced valley to the 
Golden Gate, and the southwestern wall of the San Bruno 
mountains overlooking the valley is its fault scarp. The more 
southerly block lies between Merced valley and the coast south 
of San Pedro point. 

The gently sloping back and the precipitous scarp of the 
block intersect in the crest of Montara mountain. The Mer- 
ced strata form part of the eloping back of the Montara fault 
block and dip toward the fault plane which has dislocated the 
two blocks. These Merced beds must obviously have extended 
over the northern extremity of the peninsula prior to the 
faulting. There is now no trace of these beds to be found on 
the back of the block. They have been removed by erosion. 
This complete denudation of the Merced strata from the north- 
ern block and their abundant occurrence on the southern block 
up to an elevation of 700 feet above sea level indicate that 
the northern block is the older of the two. Its more ad- 
vanced sculpture points to the same conclusion. It is believed, 
therefore, that the more northern block was thrown up and 
subjected to denudation before the Montara block came into 
existence as such. The ditferential throw of the San Bruno 
fault must be at least 7,000 feet.* Then came the Montara 
upthrust whereby the second block was tilted, the axis of up- 
lift being parallel to that of the San Bruno uplift. At the 
close of these orogenic movements, the general altitude of the 
peninsula was much lower than at present, for we have excel- 
lent evidence of the emergence of both blocks in unison with 
the uplift of the whole Californian coast. Two particularly 
well characterized baselevel bench-marks serve to indicate pro- 
nounced stages of this uplift. These are dissected plateaux 
at about 1,200 feet and 700 feet; and, at lower levels, there are 
spread out on the slopes of the two blocks marine embank- 
ments which give a terraced character to the topography. 

♦That is on tht; assumption that tho fault is normal. The fact that 
the normal characttT of the fault is assumed should not be lost sijrht of. 
So far as the flt-ld evidence is concerned it is |x)ssible that an over thrust 
might effect the same results. 
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h«»rw»*t>ii tlu* eruptivcMii nnrtli fn»ni tin- Vormont h<>Mt^«lrtrv nml 
tinwf 1)1" till- uppor I^iiiriMitiiiii ami rlu- "Nc^rlnn. Th*- ttr^^n- 
vilit' rttjrif^. witii it?* prv!<t«llini' liniiwffini>s Hn<l invert ho5i»yt^«. 
*"tiu- t4iippr>«fed npp<M- UnirftiriHii nr Nc»riM!i" iind fhr '"Mhi^ff^l 
(.^»ik<Im*<* rrr«>np'" 111" c»nrriM»tly «if»«*r».rihi>>i us of fhr ^h«ic Ht*< t«^ 
xiw 'Tvpicial or ori^inul fhironiiiti" or '*f»rohtihly Koxv<m- (>*^i 
tr'iiiii.'* In thf iiur(uhir*tio)i ro liK papiM- hi- ititlniHfov i\\\\\ \\\\^ 
<zrx\.xivrcix\)h\ of tin- I-auriMitiim rock*^ on rhi- norrli »«iHv of \\w 
>i. LuwrtHMM- vallfV '^has a t'lom- i»/»nn<»'*rion" with that »»!' fhr 
(^>ut!btM- ffroii)). At that tinu- rhal wav a hoUl p/»*»|r|on to tak^*, 
hut many n«»w tufis rhal havf )inr'n brought to )li?ht ^ln«v», 
lK!ariiur on rhif; prohh»ni. hnvi-^onr- r/»whNl m *h»nion*irratl<»n (»!' 
iT*i corrcf'tni^HK. It niairfr*- nrii thht thi- r^rin rrurohiaii \m^ 
htnai hir^f^ly cx'mKh'fl «inf•^ and jL'po^i'ap)ii/»MlIy hnv i'Mr«»Iy hooti 
ii|»j»liti<J t(» rlif^Hf r(K"k*- hy thr- ( :nr»a«li>in *«m»-V4 \ , *v<'H iin<l«M- thr 
sunrti(»n (>\ T>r. S(ilu-yn. nor fhnt thr Lowoi (-Mmhrihii fi4f<- of 
tbf N(»riuti and of it>crv>Jallinf- r^laviK* r.w'k»» hw^ not h«M»n ad 
iiiitt.<*d hv him.* hcrnn^^f thut r \tf nsii.n of \ht IIin»onrf»i» has 
lK*en an a(«cid<-ntal afttrthrm^ht 8n<l iv n«"»t in k*4N-|iiiiij with 
theoriirinul def4rTipt.ions. and hffjumr- thr- l.nwi-r < 'Mfll^»riM!^ aif<' 
• •f tht* Norian ha*i h<»<'n affrplfd hy an iru'iv'^vjn^ nntfihrr <»r 
Ihtt-r rrefilo^ij.tji who h>iv«- examined thrir ti^hl in-ImI ion**. 

Dr. Selwyn d<*<*frihcs tw<i **^roupv" of ?vv'k>i ninnin^ north 
ward from th<- Vermont h<»iindarv. on*- of ^^hi«•h \\v i«m1I»- thr 
v*'»lcanic c:r(»up (*'^r«»np 2*"). ;»nil on<- of «TyvtMllin«' K«*hi*itR 
('•proup K' I. In thr li^lit «»f pns«nt kno\\ |«<ly<- th«w«' »««'fin to 
he identifiable with similar ^ronp** >\hi<''h o<><'nr in th*- l.fik*' 
Superior n*^i<»n. viz: the Kow«MMi«\x«n nnd thf Anitniki** ^'vr 
«»ri^inal Huronian. His **j;ronp i* i> thn^ d<'«<Mih«<l + 

Tills trrtnip ♦•mhr.'ici"* a ;in;<l \arn't\ of «'f > vir«liin«\ vub n \ v|;,||ih«- Mn«l 
all'-HMi riM'ks. ruMFM', i)o(*l\-lvi>«l(|i-(i. ti-MNp.Oliir. «'hlnrni«-. ••j.m1<»ih* .mihI 
tliianz<nM' saadstvififs. n-il. i:ri> ;«n<l «i-«<'invli vili«-«'«^n«» vlnf'S i\w\\ 
:ir:rillitfS. jrrfat masMs ..f dinrmo. « pnlonr mm«1 virp« nnn«Miv hn rrirt*^ 
jind ajrill»»ni«'rat«*s. ilioriti's. «lol<'n;«'> an«l .-uaN ir«h«l'M«N. b«)Mint; r«^pp«'v 
i)re: seriM'niinfs.h'lsii««>ainl M»in«' tiiif t;r.'nn< <l tianHir wwA trn« »^«.h' rtM'K«« 
rtls^) crvstJiHint* doloniilos and ralfM«"» Mmi* «>( ihi. ilnii^ion im) \\\\^ 
southt'astorn si<l«' of thf axis, is 1m\iII\ jnatlo \\\^ nl alo i««l \">lr:nnr pro- 
(hicis, hotli iiitrusivi' and i!il«M>irat»li«Ml. ih«' laM«M- hrini; 'I'miIn •>!' fi>ti 
tcmf)oran«'oiis origin \vlil» tin- a'»sMciair»l samUiniM «, mimI «.|sH' < 

♦Scioncf. vol. r. p. II. I.ss:{. 

Km'oI. Sur. Can.. K«-p. h.r 1STMn:s. p. a:». 



n^ Amrrtcvtt GtoiogiMt. Jiiiia,l» 

TSM- rflkii:<b« '.* l±ii$ aaaenblmge of roeke with those of group 
% hftT<- xi.>i :>et-£ ^jtMrly a»r«ertaiii«d and he suggests that the 
xw'.* CTC*-=|^ icAT ht r^.-nneriMi bj gndual transition without 
s>OB-oc4:fv«m:TT. aiid t-«pet*iai]j as the great development of 
Tc«>aLx:r« <ie<*XD« at ^•ik* plaee t<» be near the base of group 2, 
aikd ai a£^-tbrr to be at or near the sammit of group 3. He 
siai4-« titiat tbej ibii«i be intimatelj related. His group 3 is 
tbu$ d«-<^ribed in general terms. 

Thf r.«rfc.> r.'Hii»;i*s: tr :: aj*r fahrflj di\\ and schistose and embrace 
-^ar^.'-jif ?r..' •r.'tc. ir:ract-L*u§«. «alicrr«s and majniesian strata with cop- 
per .--r*^ k..4*.' :it;*-rf-^i cirr:*s*Mw whii** and rwy crystalline micaceous 
d'.«>.'ia:;<r> ai-i inarT>r*._kti I:inr>3'.«>f*. They constitute the main 
an;:c::LaI ai:> .•* ;b* i*^ri>L. wbich axis may be traced from Sutton 
mvUGia:G. r-a>; .f ':akr Mricpc.mnairt^. i»n a penUy cur\-ing line north- 
eastward !*.• ihr C'SBiirs 'if ll<>xitaiarny and L'llel — a distance of 150 
miles. 

The copper and copper ores of the region he considers to 
be divisible into two classes, under conditions almost if not 
quite as distinct as thev are in the Lake Superior region. One 
class belongs to the crystalline schist group, and occurs in 
veins and Itxies ci»incideni with the stratification, generally 
ores, and the second class occurs in intimate association with 
eruptives. such as amygdaloids and eruptive agglomerates. 
He finallv concludes: 

Thfiv v-m I" be no ^.•-d SMunds for assigcinjr either an age or an 
Mfisrin i'» ir.»- c*iiprifvri«us ditirii^s. d«»l»*r!te* and amygdaloids of the 
•-asi^'rn i«iwn>hi[>< diifvrfiii fp»m ihai of the almost identical rocks of 
lak»^ Sui»^ri«'r. 

The Hastings series he brietly alludes to, showing its paral- 
lelism with the lower portion of theGrenville series. Indeed 
the Hastings series bears many characters, not alone in its 
structural relations with the Grenville, but in its composition, 
that make it e<»mparable with the schists of the "group 3" at 
Sutton mountain, while the Grenville series, in its strati- 
graphic sequence and its mineral composition, may as easily 
be compared with group 2. They both belong to the upper 
Laurentian, one being apparently the modified sediments of a 
great ??eries of fraguientals and the other a later mass of 
crystalline eruptives carr\'ing metamorphosed and isolated 
parts of the fragniental series. 

Since the work of Sehvyn probably that of Ells is the most 
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Tiini li tit'?:!. !Titt -wai line una n hM^ >ir« «1^<i*iff<t«Ai'l»iu>w 

^TiiT-*^^ (v:'.\.t- rrnHCV ot'inRuirriihf' vjiHf'txo! c\%^¥%hx^y^ /j#iVi».«*v>^6. 
^luii'r-*!) v,ir.i>-:i- (NiJ-'^f.N. nnrrif* hU^K.irn'fMi »»r>*; -jt««u» ^^w^g^ V4^l'' aA'M* 

II ini- L( i(-rtv,i* -*?.♦. ■»«.!< an. I roaj-JoTnpfjif***.. Th-«»:*rnJ> i^Y^|^^w^♦•rw>*. •».stv 

^i»iii. am tn- t >v imhMini** toJiJ^ilv thai U.m-. hr.»i, f^s*»vvii fv <l^^l*?<i 

•ttin. wnio otiw n.iri.'.ol tn- s-»r!f*>^ mn^ fti»fiwif>^. r.»^\r^'<Mr v«v^v.mv Ih. 

i<«nHmj. H-iiu aittminm! nu tin Htiiikv oi whuUi My4»<4 vn^VHiMfo 
3'«i«ik+ iif lODHiTouth nm»>f*miffiTnitihK n*hi*\ iiYi- lit '^h* >4»fm>' 
mmt iiiiif^ttDiinirDitihif htiiiii^ rh« SiluriHh, i i*. 'fhi •U'liMiHf^. 

'FT'iiitmi. vt¥ itinmiky nnt«(i.-f ninlmlni^ ih#ivyrf<. 4hfl)«?r•)^ H^f/iMi 
-t^kr^ti- Willi tirHnfsiii, tliiirrtir- -HnhtMi. liitthnxf hii/1 T«oi<p4ifiif<?tt^. 
-nPbwttt ik\vTi\ \x wuli (ifiiktimi. n»i»vnrj»il ^u«^(,. («Vfi<rf>^^ti^^ 'fN»Mi 
!sirfjiij niii ^ f!Tniiiin hfiimdiiT^ . wi»^i oi ^ttnfuphWItMt^f/jfc f>fiN». 
-w-jiiij i^saDt- iijTifjrrujiriidiH' fen- Tin^rh f»r (fintr 'IW*> inil/n*.' (f|«)}N. 

^-O'lij'r *k^^, ni>ci f^itu jwrhnpf 'hr f«r»Tripiirr*<3 ^ iV>i V-h^'t wm^/»x vyj* 

From liif- rr^ctn of liif Tji^o-nro in rhf- "v^^^lr^j-yi 'J-o>Ok'n»'h'i!|V«'" 
and the Nc^rinu of the l>n4n*-;i xjilM, \c\ \h<- ^Uv'nV^Ay* «Vf ^'hV' 
reader be sriTen to th*T of \h<' on^Ji>>il UniM^'ii^^. Vliv- -^nS''^* 
of this famous region, whi<*h :iTY* nov^ wr^]] k^o>^^ \\\ K^ t^HV' 
equivalent in the m:iin of the Animikii^ r^vk* \\\ \\\^ ^^^S^t^SsKs^ 
of lake Superior, consist of a soritr^?* of «Ulr«. i\\\^ )^\^\\W\\ 
grajwackes. quarlzvtes and m»rhli\ hUor»lVAHnf'i) f(\\\\ ^'\^S \s\ 
irregular masses of basio irrup!ivo», SH\hMnVrtllV, <»h^H 

*R«'P<>rt on iln' ;rfM>lojry t»f » |u»riion of ihoirt^hMu ^oxs^^ompa U» ^^'^^t 
of Progress. Cun. (mm»1. Snr.. Nfw St«rl«"», \^A. n. I^^J 

S«^c<>nd ropori on tin* ^^oIo^n of n iH»rlion of Ho» pioviMi*- ol »^»^.»s»>«. 
Rejwrt of Progross. (Jt'ol. S\ir. Can., Npnv Sorlr* . \o|. in. |sn« 
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,rr»nhi'*ntlv Mpfl n^'trnrrraphi^'ailv tht»flp Jirf» »*r*<>entiallv' •-•iiiiv- 
.ijr'nt- ri» riif> ^♦.r7e<! \vhi«»h liMVi^ .'jlrc-'juiv lii»#*n mentioned iiii 
<ir"nvJ|l#» -Hid n>»«rinfr.-5, hut l*-ji«» frv^THlline. Tlu! <*Mn^iorae- 
i'itrif n..n...r.nfiirrnifr 'ipon ;liH "i»\ver l.juironrian. tlie :;iTiier 
-iicrhr ^Tv-tMlli/HriMii. rlu* ;i««rioiarion with eharnpTeri>ri<' hasi** 
;iM»l ;i«'ii| ••TMii,r.iv»*«4 tIip <!jneri;i(»ent uun-«'Mnt'ormai)ie i'nper 

< MinKriiui nr«* Tv»inr»< whii'h ^-liow their ai^reeineiit ''n rlle^ 'Tie 
i»jinH w*»f|i thf \'iiri:ni «»t' rh»' ortawM vjiiii'V tjiiM 'f 'Ut* Aui- 
ronil«*»k*i. anfl .irj rhn i»rh«T \v]t\\ riiar ift' The \vf*«t ^H\*r "F .:ikt- 
StirM*ri'»r i'lM«n* i^ no T>o««»»hie nthrr i:if»-renee without a vm- 
l*-nt tr!*v<-r;:,. i.t' :;,», rijnwr iiatiiral and iiianiffHt '''«nr»iusiiHi 'i 
;_jtiril*.o'jrni iiuiirmi'nr. Vln- (ii-raiiia of rlu* f.»nipjirij:on iieeti nor 

|,»Mf..r,.nf.*. -MJiv '■ irTlii-r \'t' made ti> \:»riou> plafe-^ .i\ THe 
ii»»rflH-rn oart .it" « .innihi. '.vhj're. ::i riit? ••pini'»ii '»t' 1 >r. <t. M. 
|)ti\vjrtn. il)«- l.i.wMr ' anihnaii «-niT>rive« 'Xisf. The ■ie**<.*rin- 
lir.iw nt' <|r .f«i»ni Kii'tiaril^oii are i|iiored t»y r.im in ni* "Vore^i 
ri, K-'-iinnan V a j'fnio'j'icai map "t" riie iiorthtrn porTii>n -f 

< :»»imHm ^-a-sf it' ;in* Uo«»kv :iioiinrain«.'** rh«r>«<r /oi-k?: .<*i»m- 
■lUmrr ; I,,, f ■ ii »pi-r'n i fic rivnr a?id ill rile < "pp'-r mountain^. 

■ '•■'•■V ■ ijili' ■•'. i|i-!iT t'lJil ;i; ■ ll»' 'S f '•li>|\t- riPTi «'«jhir''M :i> • ;iin- 

•■' . " '■■■<•'. .••i-; .'•.-» '.r ..:."' :•• i* i »! • ? •. ' i'- ' li •! M'TTn I li»* " ■■f. ■'•■ 

■•' ' ■ ■■■ ■■ <•■•■.•.,::- ■■•. ii;ir:i[- "•• " .>-.■- ■■: ; :■• i\.' A i""i;i -.V ■ ; -.■■.; '11 ;■■ i- 

' ' ■■ ' - . I .1 •••.'•■ ■ -.'.III ■ II I . :'■ it »;i ! I . • '! T' ■^••' ;'■"•';; ^ T' ": I •*•', ' .; " 

■ ■ ■.'..■■■ , ■ ■!■ ■ ' ^ , ...■ 'i;!-".' . .| ■ I" ■ I f['fi;i',. ..■ ..j:i'.-* •■■iiil-f-l" ; 

' • ■'■ ■ -i-i :•■% ■■•! ■ •■ • iiii 7i;!.''. . .i^-* M* :;i I !■ 'II "ait'i ■ :•■■ ■ "■• 

' ■ ■ ■ ■ ■■ ■ . ■ ■ ^ • I • • !'. i I : 1 . L' ■ '!'«•• \ 1 1 i ' ' ; : :«:•■!• Til I :n I % " ■ ' i . 1 1% • ^ ' : - 

.■ ■ ■ ....,/ ..-/ .' •it. ''..'iMli'' • v 'i ■ ,,N t- -'T'*":! ! i' 'li. \IM«"i! ^ ■'•''■'.•- 

' ■■■■■■ ■ ■■' ■ ■ ■•■.i.\ ' *-■; .. ;iii" . c-tjNt.i, - icc'irri'"- ■.!•»••«•. ..'M 

■ • ''■ ■■ . * :i- • I ••■i^'i'i :n^»* ' . \ r- • . .m •■\;t iiiiii*-'! •••i :: ■• - 
■ ■■ ■ I ■ 1 . • 

I ■ ■■ '* '<„»;< • -'I '.»■ i'-l'i-r- I'K'k- :.ii«iii rhe trrf-at Stav»- iak^-. 

!' ■' .'• ■ ' ■-. IT* i-.,»ti <,r*-ai ^!a\'i- aU*- -o <rreat Fish :*iA"t*r. 

■'■ ■ ' .-■! '' .'••iiiif -crii'^; .^\ I)r. \i, \W\\. : he ManifiiiriiM^jc 

•■' ;• ' ■■'.*. I-.T ■•.i;i-:f ' •!" I f Mil"^"!! :>r» v. ;i ml I h** •■r*<l '•aiidstMlit"* 

■ I . I : . .■'.•■'in." 

■ ■ . ■•■• .;%l .'IT; ■ ;i ['t • ■! ':,•• I*' 'tl ' 1 !l»''j! 

■'■ ■• ii. . ■■ •!!:»:.■ i!i. •.■■ .iM .« ■-••(I :iri:'" > 'I •■■•»';;ii!ii.' 
■•■:■ ■■•• Mill- .'.•'■ii.: ipM.a ■ •:•■ i'i»»<i':"Mi \vitn r*— 
'•I ' ■".ii. iiiii irr--i:.:iii -\'«?'in^ li" |ir»--*Mi' 
. ,. : ■ . .1, ■ I- .. ,riii- ■ ,; '■ ;:i' 'ari i«'>l ^f.-iilnj^i- 
■ ■•■ I • ' iiii-- . .| ■ I," :■.(•;■. ^. .( i»|i«-;tr *t» nii\ •• ■^Ml•T- 

• ' . ,1 ".. ■ -.r •.>■■ i;. !. IJ. **^T. 



North Am^^ricii. 

There i« but ou^ other <'iiiiiuiii!ii Irtttklitr where the Tjic<»nic 
eruptives mar Ik* ideDtified- It i* ibe re^f»ii of Thunder buy 
on the northwest ef«k*>i ^f lake Suj»erj<»r. Bt the < iinadian 
geologiftt* tbe r^K-k* fif ibe Animikie iiaxe l»eeij referred con- 
sistently and unif':»nD]T tc* th*- itfT^ of tbeLower Cambrian, but 
thev fail, for tbe m^^ft part. Vj ajiprebend their identitj with 
the rock« of the orig'jna] Huronian— n eorrelatjon to which 
American ge^'logr i*; fir^t of all iudebtied V* tbe late K. O. Ir- 
ving. The Animikie rorkf eit^-nd JTjt/» 3iJLu*-*<ota und ♦iome of 
their structural and jietrcrjrrupbj*' chara^tifr*- a*th«^T there ap- 
I)ear will be njentioned wheTijr.fc*t^'jiD<h l-o c'»n*;jd<- r ♦'♦►jK-cJaJlr the 
I>ake Superior bas-in a*- a ^^tru'-turnl urjit. At the pre*ient it J« 
onlv nece«*-jirT to refer to ^.f.me '^f th*- de^^riT'lion*. that have 
been publi^^hed. Lojruij j.ut ttifii' JD th*- "Jon^-r xolfHtiif 
group'* <*f the * c»j»j»er-l»^ariiii: h^n*-^. iitj<J Jut-er luhd*- theju of 
"(Quebec** a^e. S^Jwrn dJi-tJii'-tJT «lliriii«-d tb«-jr ^aiiibnan 
age. Irving «fjoiR-ed tLht tb*'T nr^ th** honrotjtbJ aud uuiii'^tl- 
ified strata of tbe oniziintl Hur'-riari. "wljj'-h. uritJJ th<- ^'oufu- 
sion and mi'K'orjceptioTj ivivKlb *•*-<} Kr tbe «-At^rj*'Jojj of that 
term downward t^^* tbe Arvb^-nu iJJi ♦"]*»•»*-♦•. bad l»eeij r-Jji.**N^d a* 
Cambrian bv < anadihtj ar'd Kniflii-b ^r^-'-lo^ri^t*.. 

At the b<'>ttoiu j. a ;jr*-at lua*.*- '•! ''b<-rt or fljut. r*^]>]it^'*^fl 
sometime*: bv an ^r'^.»^joj.i^f.oT.iJj:ioiu ^-nit^. ^f-rv ^ili'-^-Mu^- umde 
up of pe}*b]#-^ froiL th^ 'ji.id^r ivjij;j iTti^-J***^-^ aud -''bi*-!*. Lime- 
st<»ne appear* in a-^ofjatjon wjtfi tfi*- ba*>.ii] fM-d*-. but ibj*> f^^a- 
ture i^ not gr^-atly <}*-\ *-]('].**■'<}. Jh tfii* :i;.ije*'toTj*- ar*- jjia»^Ke'' of 
chert ui-uaUv v»rii*'wbat br.;r'j;ar Ab^'^e tbj*' ri-**-*' a gr*-at 
thickness of bJark ^-'ut'e-. *>i.j'*.w»ij». ;rray -lat^-*". v<-rv iine irriiv- 
wackes and guhtrtrvt-^*'. 7"b<-«!.<: b*-d*? are n<->«rlv horizoutaJ, 
an<L accordjnirt/' Jrvjt.'i::. tb'v af<r ijoTj,fr,ijf(.riiijab!v overJain bv 
the sand*?t.'.iijef> hiju luajJ*- <'f tbe ioM«r K<^w**-Jjbwaij jd tbe vj- 
cinitv of BIftick bar. 'J'hat. br'W<%«-r. Miij*-ji b<-jf- j- to ^*e *»i.»e- 
ciallv not*-d i*' tb*Jr a»-M»»-iatJoii vjifi *-ri']'tj\«->-. Tb<-^e bave 
been de*!<cri>>ed bv B«-J1, Juiriiii *jr.d La\^*^^•IJ.* arid bv other*;. 

E. Ii. Jsf-Aj.!.. O*-"! •^:..f ^ ij!... Jl»i' '"f .V,'*'! -i**. purl :j. jl» p'.-r. H. i«ji. 
I 131. 

A- C La'»#»'»k. 0«-"1. ^^'..r M t.ti*'v-ti:. H^: *: i, *^. Tt,<- 'a'-'foijiit h\\\h 
of tbe lyjTthw^^t ''fHM "'I :»»-.* **»u|»*r."r. ]*»^f^. 
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• ^'' . -ii.^^-.-.^- - J. ^— ^r.fiv- i,.;« • .It .'.r»<^r irer^rratineti 
- • • ■ — - .»•— ^ -- - -■' »!•«. - ■ kn "" w« • ''»-!3inrir^TT' 'vrrii "iit? 

. ^ . *ft , - t- ...•j^u: 'x--*--^ .: k •: .Tf*" :2. rntr T^^iine rai- 

-ig* -r..««'s ^•-.r-.-/-».»r.-.r"r - :*r ''.r^^^ •'•if* -'rinnot Tf- • truer Tnaa 
.J .«-!. r- ^i-^r--*- ^ : im^r'nn. .Ir. .-L I.-. Iz^jUi viiii-ti :it- 
^-r:..n - . - „ rr-T^ir.- -'Arrw^rr-r ' -"nie r *ne^e 'liaiiabe 
.•^t^*'^ ,nr^ r^vrj*-»r» trtlrTi* I- t 5?rri*ra; rir"T>i"k«i!Cii"jii mac mere 
,^fr .. .'.r«t^^TirH-,rnn»^ria - .i.*nni»' -' ••K5 IT. me Aainukie ^rT:»uD. 
...it - .,»r .1 - *. sn«-«*r5 irp ' - .i- -.iimn* * ucronrio -liis. '^o 

■ t» -J - .» -.-fT^**TT .-T;*inxn»-*t r ^.^Br««»n :* ■*«ncerned it ziav he 
,,^f.*-,f^^ .,j -4 ,> .vi^p^r -rart-fnr-rrr <: :r.e r-^ianons •■*r :ae5^ i:zne» 

•f><» ;':tiinH^f /.nr tiAtrt^r ^rp- .»rn n-jinermis laa :nick, .laci 
•bf^r ■ lii- -r^n -.^ r.niv "^i-ir- tfsht)t»rai :rnm ^••rae 'entrai irea, 
f^^ »■ *»ar x-hi^rp- -ill- :UTii?iir»n .nust lave iiau :rs -i^mrce 
^nti jY^r\t f^r „»riv'rr. ,r -i "•=-rr >'^AM»naiHe "o -XDeiT 'lorh 
FTP'fitf^ ■ ianirh*ini»«^ •>»'" "'ip ^finie "irrara and traces tit voicanic 
.j/.Kf'i. ■■» r!-.^ - -.*•!?•* .f *!i»* *iffe :ir ■^^nifii "ne -iisnirbaace rook 
[>lrt^p» Vhur r:>p .'rTinriv»*« •'! rii** !iorTnwetat <'oax»c 't lake "^u- 
'^»-'/.i- v-fnn.ir .,i( hn 144) (tb*^! r.» :t <»»nsie •*n«'M»fi .if «ii»nirbance is 
nfi,<i.. ..'-(j.^r-.r .V -:w> ■■ .vn-Hrf*':***^ ■ r r-aw«*»n. ITiac -ome were 
i-» .rf*-'- ,d ■ ;.- .'.VM- ,arr r* :]\t^ Aniinikie 'ner** :T«it::l reas-^n 
••» .f'*'t^' .' '." I* -vi . innr-rir ■ i t *.Mr>«st**iueiit r«aper. 

" ■" ■ *■ ' "♦• ■n«t',*rn ^'iinf-a r " iir- i^di'Kr liiountam*. IS 'ir«t 

■ -''/!;♦■■■• ■/},»- r :j«- .^iiinniiier.'* I'l.e -iame !';ict :iaa ■■.•♦^n 
,ii j/^,.« ..i«...-| .<ir ..r hi.Mirr. inpzir.-nf.v ".lit Trt puDlisheiL ^v 

Vfr ,' r 'kfi*' .nn»-': ..t' 'i"i:r • .iliuitian ' r»-«»li>iri<.»;n ^♦irrrV. 

I ♦ •■■••'■ -■ • '!-•• M<*iciif"^*» '.r-n- f r;j«*nniir -mces md ■niarrz- 
, *..^ ^fi...,'/;„^ :.:iv;-,rr s^-f-p. :*-iina .it ill ■*<ciinaieu rhi^'knes* 
.<• - /,/w» .'. *^r ,K«,"i. 'ii#. ■iji^f-. >iir .u» !:jne<«n:i r«^«'ka iiave ht^n 

M' . .»»■'! /lini-f -.o'.r !♦' /iv**!! lT "he r'airts ret'iteu «v»ncerii- 
....r •... . .■;.■», ! ,-,■ ..r T;i<»'irii«* ■■r'lritivv*" in ( anadian territorv. 

' ■ ■" !''.■■" ' I ;■ ,>■-'■ -.» .1! .f i*r:rn'*rii!.n !*'i»iiM frMin Ml. St#-[tiiHn. 

I ■ .t ' ,,1.1*1. t ;• ,»• \r;ui .\';ii. >»'i.Phii;i., l^^T. K»'\iH\vtMl 

'• •' f*«»M ■• rrt .»..•».- "•; . "-"-[.f.. j.'s^^H. Sef :iis4> KomIN<tE1{. 

'» ...'•.'• I . u ,. :.'.<; i-(H«^- i:. <r .M<<'0NNKLL. Am. <iKOL<J<;is.T. 

■' ■•• !■ " ■':•<'» IN|. I'."./ ' 'III. 'i'M.i. >'ir.. l^siJ. R»?IK»rl D [l,ss7 . 



The Cladodont Sharks. — Clay pole. 368 

was experienced over the northern half of North America in 
Lower Cambrian time. The Archean floor, which, whatever 
its origin, had been flexed and broken, cemented, bent, eroded, 
and again flexed and eroded, producing a congeries of inextri- 
cable confusion, and almost baffling all efforts at classifica- 
tion, was widely submerged by the early Taconic ocean. This 
ocean crept upon the primitive continent from the north and 
east. Perhaps it covered it entirely. But we know not what 
lies upon the Archean floor in the interior of the continent 
where later rocks have been deposited and still exist. That 
area is nearly as closely sealed against the geologist as is the 
Archean floor beneath the Atlantic. However, so far as later 
sediments do not now conceal it, the remarkable TaconicAr- 
chean contact seems to have been found from the Arctic sea 
to the region of the Luurentides north of lake Superior, and 
from Newfoundland to Minnesota and to the Rocky moun- 
tains. The pre-Taconic floor has also been detected at several 
points in states further south. Not only was this pre-Taconic 
floor buried under the basal Tuconic beds presumably 
throughout Canadian territory from the Atlantic coast to the 
Rocky mountains, and in New York and New England, but in 
many places the Taconic strata seem to have been cotempora- 
neously disturbed by volcanic ejections, and to have been in- 
truded at a later date by great volumes of anorthosyte and 
allied basic eruptives. 



[Pal.«ontolc)G1cal Notes from Buchtel College. No. io.] 

RECENT CONTRIBUTIONS TO OUR KNOWLEDGE 
OF THE CLADODONT SHARKS. 

By E. W. Claypolb. Akron. Ohio. 

Although the name Cladodus has long figured in the litera- 
ture of palaeontology, yet it has been nothing more than a name 
so far as the animal which it represented was concerned. Ap- 
plied to detached teeth it gave us no knowledge at all con- 
cerning their wearers. We knew the peculiar three- or five- 
pointed form of the little, usually black, objects in the stone, 
but all that we could affirm concerning the fish was drawn by 
analogy from the existing sharks. But the recent discovery 
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uui •' all. ••*Ti*ti*- ill*- r* 7w r-ifrrr= i^ "i^rr" uritrri-im "w- 
jum. i;:::_ 1j»- . f.'Miuui. i— -^-a- cent- "i tr^ x* Jiij««r«^iST '7^ 

Al.Vr* * *«."r: 1 4,1: M ^JTm lir- T itl." -- f*£il'1i. "W-I^-rr- T-'^ir.T 
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fused and broken skeleton as now known would be too specu- 
lative to afford a sure basis for inferences. 

But perhaps the roost interesting feature, especially in u 
theoretical sense, which is presented by these Devonian sharks, 
is a peculiar flap or fold of the skin which projects horizon- 
tallv in front of the caudal fin and makes a -most Temarkablo 
showing when the hinder part of the fish is preserved. The 
caudal fin is then scarcely seen, showing merely h sharp edge 
ending in a point. But the wide expansion of the flap Justin 
front of it gives the appearance of a widening of the body 
that in a fish is, to say the least, extraordinary. Such a struc- 
ture is not perhaps quite unexampled among recent fishes, but 
in no case, so far as I know, can anything corresponding to 
the one here described be found. The flap is entirely mem- 
branous and shows no trace of fin-rays. Yet it was rather 
solid and has left at least as clear an impression on the stone 
as has the membranous margin of the pectoral fins. It can 
be looked on as a third pair of paired fins set back near the 
posterior extremity of the fish in a post-ventral position. 
They evidently may have been of great service to the fish in 
giving a powerful horizontal leverage against the water and 
so enabling it to strike in an upward or downward direction. 
They may thus have served, in a less degree, the same purpose 
as the flukes of the whale, enabling these sharks to ascend or 
to descend in the water with great ease and rapidity. 

These fins are attached to the sides of the animal by broad 
bases and form triangular projections whose appearance, when 
seen from below, may be likened to that of a pointed shovel. 
So far as known it seems probable that this appendage was 
common to all the species of CladoduM, 

The interest of this peculiar feature in connection with 
theoretical views that are prevalent regarding the origin of 
the paired fins is obvious. The fact of the evolution of the 
azygous fins from the primeval and embryonic continuous 
marginal membrane, seen even now in the bowfin ( A viia ca!rn) 
and other fishes and in the tadpoles, may be considered an es- 
tablished doctrine, however diflflcult it may at present be to 
account for the gradual concentration of the fin development 
at a few points in most of our recent fishes. But the parallel 
doctrine of the evolution of the paired fins — the archetypea 
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of thr f<iur limbri of the vertebrata — from u siippoBed similar 
but h<»rizontal membranous flap, dcKfS not at present rest on 
an cM|ualiy 8e(!ure basis. If it is true, then changes have oc- 
curred ill these far more prof(»und than any of which we have 
evidence in the former <»rgans. But the greater amount of 
8uppoHiti(»n required in the case of a lateral fin-fold is of 
<*our8e an obstacle not t^) be lightly estimated. And from this 
|>oint of view it is therefore exceeding!}" interesting to find 
what ma}' prove to be an ancient relic of such a primeval lat- 
eral fin in these Devonian sharks. If the archetypal fold ex- 
tended from the pectorals to the ventrals it may as well have 
extemled further to the place of these post- ventrals, if we 
mav so call them, and then have run into the caudal fin and 
M> met and fused with the dorsal-ventral fold, encompassing 
the biKly horizontally as the other encompassed it vertically. 
It mav be rank heteroiloxv to even hint at the existence of 
a third pair of limbs in a vertebrate. But on the above view 
there is nothing monstrous or incompatible about it. It is 
anomalous judged from the existing creation, but so was the 
pineal eye th(»ught to be when first mooted. Yet it is now an 
a*'cepleil fact in anatomy of which, however, few traces have 
frur\i\ed to the present. Possibly further discoveries in Pale- 
• •jit'>i"t;y may bring to light other indications of the ruriou:* 
..fi^afi* here deseril>ed. Whether the solution above suggested 
f-- ihi- true t»ne or not, it iscerlain that !M»me Devonian shark? 
|. ,.....«.,.i| thest' eiingulur appendages whose origin must in 
t :L.r w;iv be aceounted for. 



C AMPTONITE DIKES NEAR DANBYBOROUGH, VT. 
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** :-- iwvnlv-five miles south i>f Rutland. Vermont, on the 

J-> - ::.j:':i A- Kiitlcnul railri>ad. is situ:ited the little vi*!air^ 

■ .'«i .;.'.••: 'i^li. Thf i»wri ri^ils in a deep. narn»w valiry 
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rriB-Mikft^Atn-t-ianffifrrjrwi it v iiTTTnL»:fnnrin.>r f» .r*rr i'tnr. 
-•fpct -ooiprro. .ith*>*i-rs 1 "W'jirrtBt'? r im » t i-f ' rrn-, -- tu*- 

•lit» •fH^itJ..»/rvniiiif«rfT»MFaiinu* • T»f«c«:'i«- *- rrvr?**- ♦Ii-h*. 'Nji*'-t' 
<au«-?ie-. 2: c-friif • I*-* fu»««* i 1 ii- lin •*•f^Inn^f ihv fnp^nt- 

i!*fn-m:ii'>:iHr.-fnai. : itiiHiiir.4 ( mui'i^^MiH*'. lh. if*f- 1. i#>^^ 

niiit*ma xnxcrf- 4- ?c2ir"*i»«! h- .lit r,:.ri::T. v n-*rf t-ih^-Jn^v 
difi^rp- 1= -*v.T[Uh peFiHT? r"ni t.ij .1.1: '•,':,•, "-., *^ *iic» 11 •• :/. 
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i> 43111^^^ jsrqse- n%?^ ••r^^^ : . tji- ..--.it •.»- •^**: <-..,^, ^ ia 

xm tik«f<*i Tie i)»-i-riiT.»f-?n. T;iii:7nit '^nn U;/i» .*.»!(.., ♦ ,1 s ,. 
iix .i**«Ti«£ni:3i^t lint 11 -Kiunt ;iktkh'v- iu ;• -.-vjifJv #.» . v. v.-n- 
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Aujrii'; <KM»urf* ill ttru ^eiitrution^, but bvfarthf inrper por- 
ti4»i) !•< uUotriuiiiorpliir. it i-^ not »<• pn»iiiiiient hs tht- hori4- 
lii^'itd* . Ver\ IVw w('lI-(iev('in|H;<l au^'it<' phenocrvBts appear. 
^iirii a«» an- pre»«eiit an- UHiiaHv lijrht yellow in foior and 
jft^iit-raliy hIiow hiigin pleocliroibiii. In dik*- Nt^ I thf- ail<»- 
tri(*iiii>rplii«' au^ii*- i^ d«MMini|>oK€Ml to Hucii an extent that outr 
tilt central portion^ remain at all frefilj. A lew minut** indi- 
viduals ot ^jrreeii pyrc»xen«' wen* luiintl elonely asKOciaied witii 
lli» au^ii* . PiatriiK'iHH' i-* not very abundant. In dikt- Nn. i 
il"^ i»eeurrene<' i^ ratlier uni()Ui-. it is not uniformly distrii^ 
died llirimjrl* tb«- n»ck. but is apparently developed in tuft»» or 
ug^re^aliou*o of individual^. Such an arrangement presents u 
pat eh- like appeantne<' in th*- thin i<ectionK and in the hand- 
t»peeiuien> rei^euibies porphyriti** structure. 8ome of thew 
whiit- inelublon^ wen- founil t«» be |)ockets of calcite. Thf 
fre^h pltt[rii»ciaiM- iH»ntain> exceedingly minute acicular inclii- 
fiiou^. many of which t^eexu to b^- arranged in parallel ecries. 
Tiiey are regarded af^ apatite. The pia^iociaee has aieo Buf- 
fereil eonfi^iderabli* luechanioal deformation. Many of the 
larger individual are bent and twisted t4» Fuch an extent in 
84»mt caeieb as u^ vaucK- fracture. The groundma8< conBist^^ of 
an opimut gray ^:ub^LaJ)el:. re*aemblinj: deconip4>«ed feldi^piir 
verv oii»»*eiv. < onsiuerabh ^iari^ was founil in tilt intwrKUce? 
of tii«' leidspiithif portioj. of th» vari«»Ub eectlonb. K wjLiifkT' 
\\i\: tin- rock witJi liit onginai camptonit** of Huweta. it should 
hi said that tii< eoioreis bisiliciiie- forn: a iurtje' pnnint Msd 
till h.idspa: :• corresi>ontiin;riv r in a lie. portioi. of ttie T^fck- 
nijis^ tli:in noieii in »!e('tIon^ o: tJi* tvjh riK?k. 

Iri i'«Mit.Mii«iioL. tncL. V ^iioiiii: i>«'H(ideL;. tnai whiit tiie*»t dike* 

IIP j'fiitinuUvi^ regardfii a> cilnlnroniltr^ liioy art viax>rv-hat 

;ihiiii-tiia M lilt ciovt lopnien; o: tnt indtviduH^ cnnsLiT-rots, 

tJ»"i' 1*1- 1 m; on- *'■*' gvn'»rjiii«)3 o: niinii)ttmiit laici tj-r^* T\7»*jlk 

iii'Mr* iiiiiMH»-.?'"V'5t-r. niln n lie- - tent i>- •K'TIH rrr:xT-r be- 

* mm 

; . • til'" ii»: !«»"Piil- 

' ... i 1 :i n:t' •» j. nimH>''' •» ivi»iirren**»r- nf rkorptnniie 

V irmi riu la-s iv-v vt*aT■^ ii ?it v E:L;2land 
!'.ii'' \Y:rt iir-i" noi"t. i*'^ r. 'W" BiTrS* at 
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Camptoii FallsJ. N. H., and lately by Prof. .1. F. Kemp* nt 
Kennebunkport. Me. Dr. li. .]. Harrington, + of the (^RnatHan 
Cxeological Survey, has found fiimilar dikes near Montreal. 
Otherp have been desrrribed from a loealitv near Whitehall, 

■ 

Ts. Y.,^ and Proctor, Vt., as well as from the shores c»f lake 
Champlain, by Prof. •!. V, Kemp and the present writer. jj They 
are also known to oocur on the Rhores of other lakes in north- 
ern Vermont and southern Quebee, espeeialiy lake Memphre- 
ma^og, and at Sherbroke, C^uebec, a few miles north of this 
lake. 



AURIFEROUS GRAVELSOFTHESIERRANEVADA.I 

By fl \V. lirRNRK, \Vaj«hin(rt<^n. I). ( . 

Ap may be seen by referring to a paper by Koss K. Browne 
on "The Ancient River Beds of the Forest Hill Divide,'*^ and 
another by the writer on**The Rocks of the Sierra Nevaila''** the 
Neocene Auriferous gravels of the Sierra Nevada ean he 
divided into two main grouj>s : those of the tir<»t perio<l, eom- 
posed chiefly of white quart?, pebbles an<l light eoloretl clays 
and sands, with minor lava flows of rhvolite: an«l those of the 
second j>eri(Ki, culled by Browne the *'voleanir period.'' formed 
during the time of the "volcanic cement" (andesite-tui!*) floM's. 
The former gravels are free from volcanic pebbles, the latter 
often contain them in abundance. The larger mass of the 
Auriferous gravels belong t<» the first period. That an era of 
erf>sion occurred between the depcH^ition of the gravels of the 
first i>eriod and those of the second period is abundantly 
proven, and it therefore follows that the f(»ssil remains found 
in the tw(> classes of dc'pcMaits should indicate some difference 

*J. F. Kt^mp: Trap dikes iiPiir KtMm»'buiikiM>rl. Mm. AmkktcvN 
Geolocust, vol.v, p. 127. March. ISJM). 

•fl>r. H..1. HarriniTliiu; C-iiii. (iiMil. Siirvrv . ISTT-Ts. p VMK 

^J. F. K«*mp and V^timhi F. Marstcrs. (hi (vriHin OMmptt»nitr «lik»»s 
near Whii4*httll. Washiiiiriou ('<»,, N. V. 

^. F. Kemp and V. F. Marstcrs: Th«' imp dik«'S of Ink*- <'!iHmplHin. 
r. S. (Jeol. Siirvev, P.ull. 107. 

IPublislied by jK*rmissioii of ih«* Director of tin* V. S. <u'olojricnl Sur- 
vey. 

•TTenlh Ann. Rep. Slate Mineralogist of ('Hlifornia. pp. I.'l^-in.^. 
Bn>wne's third j>eri<.Mi includes the PleistinVMie irravels. 

♦♦Fourteenth Ann. Rep. U. S. Get)lo|?ical Snrvoy. p. 40.V 
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in \\\ro. I'n tc» \\\v prrwrnt time however, no attempt ha? been 
innHi^ t«>fn«i»uB« tho rrnitiins from ditferent localities separately. 

KiKST Pkrioo. 

'rhiM>li|rr Anrif«M-ons pnivols, <»r liiost* of Brf>wne's first j>e- 
riofl. havo funii*:ho<l nc^nrly all th<* plant-remains that have been 
«t»i«lir-«l. 'I'hn»i Iho loavos fnnn the gravels at Chalk blulfs* 
«t»nH<Ml by I>*«qnorrn\. belong to the (jlder gravels, as d(»es 
8^«o theeollortion from Independence Hill, made by Dr. C'<»opfr 
< MVtice. 8nd now in the V. S. Natiimal Miis<*uni. 

The following 'io«^Rliti<<. where the older gravels are welj 

f»\pi>«ed. hxw'f' ivn thn« far furnished many fossil plants, hut 

tthi^uM )v «^sr«rii:lv r-Nfiminrd: UihsMnvil'ie, HowJand Flat. 

IV.yrviv HTj. Sr«"!is f\vA Hrandv ("iiv. it. Sierra eountv: 
• • • • 

l,>«P!»rTi ftrn ^^•^llitv ir r'».mft»» cunTv : near Plaeerville in 
Flt1'»rnd.- »'''^!ri> . Thf ehhnre. -^ituTh (»f (heih in Amador 
«^ipmi\ . sr««j Tbi ( liii; !^lr<■•^ r-ljhT.m . itj f aiavfTiis e«»iiurv. 
Tb« '<-i*?*i "f'jiVt'v t'r'«n. ibi'«f i.ffu-r griivi-is were thnuglil by 
l-****.- ''ri-^'V ••" Md'.Mitr h 1"* •.-».* vT'f agf . biiT later lnv«*stigatif»l]^ 

bv T^'»<"<: HTM K?''''^^"'r"T \r^(\u'uxi rhht rhi iar» mnv hv Mioreiit 

* ■" • 

P" •■ K»" V :r,.i <,,y». - • Tbt-i .'•HI u* \\*i\i\\\x\\ hut tiial 

thf ri'»i' "»» •'-'.•» V'li'-r<»uirL ^^ ii<binc*'»T. ' ar« -iiniiiar iii a^^r 

• fi. i^ 1.- ■»■..-', iT^ J.-, - -'w Tim :li. .i'.in !»;,-. v;ill»*y TJlt-JoMl. 
] i>. ■. --»."i ii.»..^i- »,ii». »,'^..---'^ »>'-.-: .»ii!i»'i- MiMi't^n*- Tm» 

\ •■ '. - .IT^ jr- •,. .-. ? Iv .,:i>.. ". :jV,i. \\ . r- ri..^;irrl**(! Ov I.i**. 

■ •■■- ■ . •.:-.. .»■■ ^- •- !*■' .-.'r.. ».;■ ; r.-".-:,' I'Xaniinatii)!: ••: 

• ri.- fi.,^. I,:..-.. . .t. «Ti»i-- . .. -I .,T»- : »v,i: Jii(.i('pfn(b'ii'*« 
11 . '*■■. ■- ■■ .■ •» ■, "■ T-' 1;. -..»■.. ir». 7. i»iiiic)it« thai IhvV 

'''■■ * ■• r*^ '' '- ■• '![:,•?> i:.Tirniiii»M u\ Vv^i 
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from iht' Ki«frra Nevada waf found bv I»r. Liirenzi* Tat** c»ii 

m 

l>rv ('Hrck. StanihlauR rountv. but in tbif^ rafft- aH«(* tbf- kind 
«»f iiiat^-riai jk not indioat^-d.Mr tbat without fulier infomiatids 
lh«»»«' hi)4'<*iin«'n»i are not of niueh vajue for detemixiuuxr xbe 
a|fe of the Auriferout* f^ruveh. A l<:«ca]itT th^t pn •miiief' m urh 
Him diwov^'prd liv (\ I). V<i\-* "rin a ninne4««F -drr Asnstsk trib- 
ularv to Bear eieek, in Mereed+ countT. near tbe line of Har- 
i|i4»»a. ahoiii hix niileK southwest of Indian Gulch. Tbe rock« 
at thi^ filaei' eon^^JHt of a <;oarw. friable, iigrbt e-oiored v(»l«tn5c 
anti. wliieh envelopes a large quantity of bonef, and Aim* con- 
fain* th<* n-niainn of vegetation, and e^pecialij tbe ca«^t« of 
ft^iuie muall fruit or need vei»Bel, the relatione of trfaich have 
not bi'i'n made out/* 

In u |iu|ier on the geology of mount Diablo^ the writer 
ralli'd atli'ntion to the Kirker pafsg fossil ]<»cality where there 
an- l«-af hi-dM with foHHil wood, assctciated with t»eds containing 
marini' nhelJM whieh have U'en referred to the Pliocene. Ande- 
»il« tiiMV form part r»f the name seriee. A large c<»1]e<-tioii 
»iif»til(| hi- made of all of these fosHilg. for here we have in the 
man III* ^hi'lU a eheek on the value of plant remains for the 
d« ti fUiifialioii of thi* Tertiary depc»8itf: of California. 

Jt If- ^M^^fKti'd ill th<' buUetin on mount I>iab]o that the 
iiitlh 111 ( litral Hollow are of the same age as those at Kirker 
|||t^^. itiiti iniiNiiMirh ari the murine shells at the latter locality 
lilt i«nHv «'4TiHiiilv Plioeene. it was Wlieved that the ( -orrhl 
Hm ii«\\ M-rit* nMi»»l nUo br Pli<K*rne. The correlation of the 
In-tU ill iliv two locMJiilrs \va^ maile i»n the basis of similar 
\ ■ ■Miiu* *it po'-il!- < Miult •^iti^• lutf Mud conglomerate) iK'Curring 
*'. :v'i*5 ]«iji»*i •». Ihj rrfrrring to his ina^-boi»k tht- writer finds 
I. M.-; »'• r< ^TfM iiiin;; tht- i orral Hollow plant beds, which 
^v .-. V. T» -».Tii ^»f tint \\hili>h material, ri-sting on a series con- 
:r ". • i * •>*' 'V^ur>. NV.d i^xtTiaiii with apjvircnt conformity 
;v : . T ^ .-.i' ^• V- Ti: •'/.it r.nir Ih'vIs. Aru'lhrr visit X** ttir !«»«.*al- 
-. k. :-,• •: >. •.tv:>^.t''\ I.- lit '.t Tr." i^t whfther •'.- l ■: 

- . . . ,. ■. • -, . ^ -•- .,:'■: .iv. :* ; ..rit«i:::c ::i*:r rials. 
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leaf beds, but the writer's rec<»Uection i« that in th<' Inttor 
case tht* series is, without doubt, conformable. 

The following partial analysis of the fln<» whit^* matorfal 

containing the fossil leaves at Corral Hollow whh mndo by 

Messrs. Steigerand Stokes, of the U. S. (toolof^iral Survey. The 

analysis does not appear to suggest with any eortalnty the 

nature and source of the material, but is glv^'U her«' In onler 

to have it on record : 

No. 44^'^ Sirrra NerinUt (\kthrtioti . 

Si ()2 «I{.07 Pa n^ /M 

AI2O3 1T.()2 KaO I.VJ 

F»M- Oa l.OH 

If considered as fine grained tulV, thr material In rvldently 
of undesitic origin. 

Another locality where Miocem* m1u»11h an* aSMoeiated with 
beds containing fossil w(M)d is on Ocoya crook. A thlnl local 
ity is that already mentioned in the MaryMvlllc bu !!«♦», \vht»re 
Mr. Lindgren found marine sh<?lls in what ho conwIdcrH the 
lone formation, and in the same depositN ar«' plant r«»nialnw. 

The following reports b}' Prof. K. H. Knowltcui give Inform 
ation about the fossil flora of th(- Sierra Ncva<la addltloiuil to 

that in print: 

RtjHtrt on MniaM mUtrthm of FommU l*hnitM from foturtf/ f/i'ti ttnit Mofih' 
CriMto mint' on Spanftt/t l*tuik\ (Uil{forniti, ttuhmfffnl htf 11, 11*. 'i'ni'fi*i\ 
Ja n ua ry :il . ISU.'t . 

Montt' (^riMtn Mint- on Sfuint'jih l\iik. 

This matf'rial consists of smiill fnijrnn'nis. Noih' of \\w N'mvos Mn» 
Urt'sorvcd fntin*. lh«* b«*si roiisislin^ of lln- hasiil jMirlion onl\ . 'I'hoso 
l**jiv»*s all b«*l()ii^ \u a sinjric siM-cii-s. /MuruM mt/ir(fo/io L\., (<'f. i'wl. hihI 
Tert. Fl., p. 2.VJ, pi. LVIII. fi^^s. 4. ."». ) This spiTirs whs oriyiiiMllv «lr- 
scribt'd from C'orrul Hollow atxl has no! l>«'fon' hmi <li'hMM«Ml n\ I ho 
Monte Crislo min«*, as far as I know. 

Ponrti/ Hill. 

This material consists of a sinvrh- piece of matrix on whl<'h nrr fniK* 
ments of small dicot\ ledonons leaves. None of ihein an* snlth'ienlly 
well preserved to admit of satisfactory determlinition. 'I'heN seem lo 
bi'lonjr to the C'iipnlif«*rM», but beyond this it is im|M)ssib|e to Nenliire. 

Report on Mnntff r<tUtrt''on iff FoMMtf LmrvM from Voh'tino Hill, /Vtn'tr (\»., 
California Smtfttr rjiimination hif II, W. Turnrr. 

This collection consists of about seven small frajrments of matrix. \ 
considerable number of fra^m<*nts of leaves are ]>reseni, but unfortu- 
nately not a single leaf is jMTfect. and conse(piently tin' di'lermi tuitions 
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Auriferous Gravels of the Sierra yevadn. — Turner. 873 

Mr. J. S. Diller has lately received from Prof. Thomas Con- 
don, of Oregon, some fossil teetli of a horse-like animal, and 
has kindly allowed the writer to insert a note concerning them. 
These remains came from the Ellensbiirg plant beds and 
hence give additional evidence as to their age. The teeth 
were examined by professors Cope and Lucas, who report 
that they are the "right size and pattern for either Jlippothe- 
rinm apeciosxim or //. iaoaemttnn. The former has not been 
found to the northwest and the latter is said to be the com- 
moner species. Both are upper Miocene." 

The lone formation, deposited synchronounly with the older 
Auriferous gravels above described, also contains fossil plants 
and other remains, and these can therefore be brought in evi- 
dence as to the age of the gravels. The deposits underlying 
the Oroville table mountain belong to this formation, and 
contain leaves at the Spring Valley hydraulic mine, and also 
at the abandoned Miocene hydraulic mine in Morris ravine. 

The leaves collected at the former locality by Diller* were 
considered by Prof. Ward to be Miocene or older in age. The 
leaves collected by the writer at the Miocene mine are mostly 
of deciduous trees and are not well preserved. Mr. W. Lind- 
gren has discovered some white fine grained beds on Dry 
slough (Smartsville atlas sheet) about five miles northeast of 
Wheatland, which contain fossil leaves, and the locality is a 
promising one for the future collector. The lone formation 
is best exposed in the area of the Jackson sheet, i)articularly 
above lone, but although a careful search has been made by 
the writer at many points, no fossil leaves have thus far been 
found in this region that can be determined specifically. In 
Coal mine No. 3, near lone, leaves which Prof. Knowlton con- 
sidered to be probably those of a Sequoia were obtained. Mr. 
Lindgren obtained fossil shells referred by Stearns and Dall 
to the Miocene, from beds in the Marysville buttes, and these 
beds are thought by Lindgren to belong to the lone formation. 

There is still other evidence of the Miocene age of the older 
Auriferous gravels. Underlying the tufl's of the Lassen Peak 
region are a series of light colored lake beds that have been 

♦Bulletin 3:j, U. S. Cicolovnoal Siirwy, p. 10. 



A J- - ;. •!< ' 



•■ I ' 



■fILi. It 



»■ ■ i 
- • I 



. ■ . »•■? u . ft . ■ . . ■■ ■ I'i; ■ 



.' • :.. 



I 






.if: 



M .1 









I .. .'■.■•■•.■.. - * r . ' .J » , ■ r " ' : * » ; * ■ 

« ■■«!." «.. • I. ft. 



■ «• ■ 1 « 



fc. « 



£■''■ "'.^ ",•- ^^ ■ •' 



^ . «• ■ 



* 



■ • . .• 



Ift •_ .••' 



.•».»*•■ 



.4 ' 



■./ 



r ■ 



•« o - 






f _•■■.!■ 



- "^ .• '^ ■'■*_ 

..- .— ■ — .- k. ' r -..t- 

"r-- ' ' '.'•' ■..."■' -T.''l V 

• 

■---.• r ifc ^ -w ••* 

i - .a •:*••' *.:riii»-iT is 

:•-:•*.'•■ li- r ^M-ali, 

. ?t:.«;»--':ttr-tiJlf » 

. ■ ' ■ -■. '. . .'• :!■■*■- ili'ii are 

':.r*'- f tf.i- irit«::rni«-diaie 

* ■ \V..-\n :»lni J":ir! :i 

^ , »• 1 • il . |t'ii|-tta 



AHri/tro9f* Gravels qf the Sierra Xevada, — Turner, #175 

peri'Hl are chiedj of the pre-CretaceouR sodinientnry and i^- 
ne«»us HK-ks and are uBuallj dark in color : «iu?h j^rnvcl in fro- 
quently called "bull or bastard gravel" by the ininerM, an it In 
often less auriferous than the white quartz gravel, iind in ntit 
always i»f economic importance. It should he noteil that l«ew- 
quereux made no distinction in age between the leaven from 
under the Tuolumne table mountain and thone from the 
proltably older gravels at Chalk blutrn. 

Second Pkrioo. 

Plant remains that are without doubt from materlalH fif the 
second period are not abundant. Those collected by the writer 
consist chiefly of fossil wood from the "volcanic eement'M nnde- 
site-tulF) itself. Some of these specimens have been examined 
by Prof. Knowlton, who identified ('nprmnhinjiftnii iind /^V//. 
oj-ylon. It should be noted that the materiiils tif the HeentHl 
period are largely' coarse gravels with few Inyers of fine kimII 
ment calculated to preserve the leaves and steniN of plitntii. 
The gravels of the Dogtown mine, JJ mili*s north of Alliixllle 
(Jackson folio), and those south of San Andreim brlon^ to 
the second period as doiilso the Neocen** sluire griivi'lM nf ihi* 
Jackson folio. 

In regard to the vertebrate remains reported on "o fully by 
Prof. Whitne}', it may be noted that nuiiiy of tliosi* boncMciitne 
from deposits which are known to the writer to In* hilct- In 
age than those furnishing the plants. ThiM jm ei>rtainly hue 
of some of the localities where mastodon rcniiiiiiM hnvi* lH«rn 
found. Thus the gravels at Horse Shoe Ih-ihI* iin« IMi'Utoepn*' 
in age, while other localities are prtibably Mioreiii'. 

The following (luotation from Dr. I)nllf is Migniili'iinl on 
this point: ''(/ope has pointed out that among t hi' vrrlrbriitcM 
from these gravels one ( hliffhr.n'i/w ) is tint IMion-nr nor rvm 
upper Miocene, but belongs to tin* Koecni* (m* lowrMt Mloerne 
(White River group), while Mnstinhm nhsmnis iw iipprr Mio 
cene."' 

The Elotheriniii referred to by (ope was ftMind at Houglass 
Flat (Big Trees atlas sheet) in Calaveras <*onnty, but the nia 
terial from which it came is not dellnitelv (les<'ribed. The 
only specimen of Jfaf(foflo)i tthsrurns r<*j)orted by Whitney 

♦Auriforoiis (iravi*ls. p. *i()I. 

tHullotin No. 84, V. S. Geolovfical Siirvry. p. Til. 
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Auriferous GraceU of the Sierra Nevada , — Tnrntr. 377 

leaf beds, but the writer's recdllection is that in the latter 
case the series is, without doubt, conformable. 

The following partial analysis of the fine white material 

containing the fossil leaves at Corral Hollow was made by 

Messrs. Steigerand Stokes, of the U. S. Geological Survey. The 

analysis does not appear to suggest with any certainty the 

nature and source of the material, but is given here in order 

to have it on record: 

No. 44^ Sierra Nevada Collection. 

Si ()2 0:i.07 Pa Os 24 

Ala 03 17.02 KaO l.r):J 

Fea03 H.m Naa O 3.8:j 

F«*eOa 1.08 

If considered as fine grained tulf, the material is evidently 
of andesitic origin. 

Another locality where Miocene shells are associated with 
beds containing fossil wood is on Ocoya creek. A third local- 
ity is that already mentioned in the Mar^^sville buttes, where 
Mr. Lindgren found marine shells in what he considers the 
lone formation, and in the same deposits are plant remains. 

The following reports by Prof. F. II. Knowlton give inform- 
ation about the fossil flora of the Sierra Nevada additional to 

that in print: 

Report on amall rollerfwn of FohmU Plttntn from Ponrty Hill and Monte 
VrtMto mine on Spaninh Peak, California, Hubmitted by II. W. Turner^ 
January 31, IS^ft. 

Monte Crinto Mine on Spanish Pe4ih\ 

This material consists of small fravrmenls. Nono of tin* leaves arc 
preserved entire, I he best consislin«? of tlu- basal iH)rlion only. These 
leavfs all belong to a single sjx'cies. LaurunmlieifoUa Lx., (Cf. ('ret. and 
Tert. Fl., p. 2.')2, pi. LVIII, ttj,'s. 4. 5.) This species was originally de- 
scribed from Corral nt)llow and has not before beiMi detected at the 
Monte Crislo min«', as far as I know. 

Porerty llill. 

This material consists of a sinjrie pi»*ce of matrix on which are frag- 
ments of small dicotyledonous leaves. Nont' of them are sutlici<'ntly 
well preserved to admit of satisfactory determination. They seem to 
belong to the CupuliferH\ but beyond this it is im|H)ssible to venture. 

Report on nmall roUertutn tf FohmU Lear en from Volcano Hill, PUieer Co., 
California Srnt for examination by II. W. Tomer. 

This collection consists of about .seven small fragments of matrix. A 
considerable number of fragments of leaves are present, but unfortu- 
nately not a single leaf is i)erfect, and consequently the determinations 
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are all oiH*n to (luestion. With more or l»»ss uncertainly the following 
s{iecios havo been determined: 

?\'ruM aonlida Lx. ? 

Fir us sJi OHfrn sift L x . ? 

Popufui* znihiachi Heer? 

Pfatanus appcndiculatn Lx.? 

Quercus sp.? 

Pefnea ililkri Lx.? 

Plant utteiitf. 
Of ihenc. Fie vs nor ditUt, Populus zaddarhi and Pin f anus appendi^'^kui 
come from the Auriferous gravels at Chalk bluffs. Nevada county. ;iud 
Ficus HhaHtfnsiM and Pemea dilleri from the Miocene so-called, of Shasu 
county. While it is manifestly unsafe to draw very definite conclusions 
from these meajrer data, it is i)n)bable that the age is Miocene." 

The Volcano Hill beds probably belong to the lone forma- 
tion and are so represented on Lindgren's Sacramento geologic 
atlas sheet. The hill is not indicated by name on the map. 
It is on the ridge north of Rock creek, about three and a half 
miles north of Folsora, and about one-half mile west of the 
road to Rocklin. The hill is composed mostly of coarse gran- 
itic sandstone with some fine grained layers, in one of which 
the fossil leaves were collected. The sandstone of the top is 
irregularly eroded and reddened in places, looking somewhat 
as if burned, and the hill probably took its name from this 
peculiarity. The strata are approximately horizontal. The 
surrounding rock is granite. 

The age of the Auriferous gravels has been discussed and 
the literature bearing on the subject reviewed by Diller in his 
paper on "Revolution in the topography of the Pacific Coast,"* 
which is an abstract of a fuller article to appear in the four- 
teenth annual report of the director of the U. S. Geo- 
logical Survey. Prof. Diller concludes from the evidence he 
presents that the Auriferous gravels are largely of Miocene age» 
and uses this evidence to prove the same age for the old sur- 
face of erosion of the Sierra Nevada, which has been preserved 
intact at man}' points under the "volcanic cement" flows. That 
this old surface of erosion was formed during the Auriferous 
gravel period seems unquestionable. Prof. Diller also con- 
siders that an old peneplain at the north end of the Sacra- 
mento valley is continuous with and of the same age as that 
of the Sierra Nevada, while Lawson suggests in his paper on 

♦Journal of Geology, vol. ii, pp. 3*2-54. 
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*The Geomorphogeny of the coast of northern California"* 
that this peneplain of the Sacramento valley may be the same 
as the one he describes in that paper, and this Coast Range 
peneplain he shows to be Pliocene or later in age. While this 
article is merely suggestive of future work, it would be very 
incomplete without reference to Kemp's '*Ore Deposits of the 
United States," of which a new and revised edition has just 
been issued (1895). Prof. Kemp discusses the age of the 
Auriferous gravels, and gives very full references to the litera- 
ture. 

At the present time it appears injudicious to the writer to 
consider the age of even the older gravels as a settled ques- 
tion. Much light may be expected when the collections of 
fossil plants from these gravels now in the U. S. Nati- 
onal Museum are thoroughly investigated, and compared with 
floras from other localities in western America. 



EDITORIAL COMMENT. 



The Deep Shaft at Livonia, N. Y. 

A very interesting contribution to economic geology and 
especially to the knowledge of the succession of faunas in 
some of the Paleozoic rocks is the account of geological re- 
sults from the excavation of the Livonia suit shaft in Living- 
ston county, N. Y., as given by Mr. D. D. Luther, in the Thir- 
teenth Annual Report of the state geologist of New York 
(1895). Probably never before has a geologist had the 
opportunity of observing on such a grand scale the con- 
secutive variations in sedimentation and in associations of 
organic forms as has been afforded by this immense probe into 
the Devonian rocks. Here is a shaft measuring 14 by 24 feet 
and extending to a depth of 1,432 feet, which means that 
nearly 20,000 cubic yards of sedimentary and fossiliferous 
rock were taken out, foot by foot, in vertical sequence, and 
all of this was spread out, in order, under the eyes of a geolo- 
gist. 

♦Bull. IK»pt. Geol. Univ. Cala., vol. i, p. 271. 
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grit, or the later Upper Helderberg faunas. Near the top of 
the Corniferous limeBtone is a remarkable layer compopecl of 
minute gypsum crystals in an amorphous gypsum base. After 
the appearance of the fauna of the Marcellus shales, there was 
an abrupt return, for a brief period, of many of the Cornifer- 
ous species, and when these had disappeared and a charact4^r- 
istie Marcellus fauna bad again held sway for a considerable 
time, there was an abrupt appearance of a highly developed 
Hamilton shales fauna (Stafford limestone) which, again, 
s^oon retreated, leaving the field t^ the Marcellus species and 
their bituminous environment. The influences of the Marcel- 
lus conditions, both physical and organic, are carried far up- 
ixrard beyond their usual limit, and the return of the Hamil- 
ton fauna, together with the elimination of the bituminous 
matter from the sediments, is a very gradual process. Through- 
out the entire section the range and individual development 
of each species are carefully recorded. Mr. Luther's report is 
supplemented by some paleontologicul notes and descriptions 
by J. M. Clarke. 

The real geological importance of such deep shafts can not 
be overestimated as the results derived therefrom have a 
mathematical precision. We learn that the preparations for 
the monster exposition at Paris in 1000 are contemplating a 
proposition from deputy M. Paschal Grousset to put down a 
shaft on the exposition grounds 1,500 meters, or about a mile, 
in depth. If such an exploit wore feasible (the increase of 
temperature downward would probably curtail it), it would 
certainly be a most profitable venture on behalf of exact strat- 
igraphy and terrestrial physics, although it might not settle 
the questions which M. (iroussct wishes to elucidate and 
which are thus stated by a spe<*ial c<)rresj)ondent : **(!) 
Whether the theory of the central fire of the earth be fact or 
fiction, (2) whether this source of internal heat, if such exist, 
be accessible or utilizable, (3) whether or not the sub-soil of 
Paris serves as a roof to a vast ocean of soft water." The 
language is as bold as the j)roposition, anil if such amazing 
conditions exist beneath Paris, it is certainly high time the 
Parisians did something about it. 
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Editorial Comment, 88S 

24 million jeare. But, until we know somcthinfi: more thaTi 
we know at present as to the probable diminution, or fttiU 
conceivably possible augmentation, of thermal conductivity 
with increasing temperature, it would be cjuite unint<'rcf«tin^ 
to publish any closer estimate/' 

Lord Kelvin further directs attention to the phynicnl and 
astronomic investigations of Helmholtz, Nowcomb, and oth 
ers, who have shown that the sun's light and hciit can linvo 
been supplied as now probably no longer than a ncorc or a 
very few scores of million years. IIIh articl(> cndn with the 
following quotation from the concluHJon of King'N paper: 
*'The concordance of results between the agen of nun and earth 
certainly strengthens the physical case, and thrown the bur* 
den of proof upon those who hold the vaguely vant age, de^ 
rived from sedimentary geology." 

It thus appears, according to the phyNicistH, that the facta 
of geology and of biologic evolution have occupied lenn timo 
than we might suppose indispensible from observatioUN 4in the 
rate of changes during the recent and hlMt<)ric period. <teol- 
ogists and paleontologists, however, will bo reluctant to ac- 
cept so meager an allowance of time, and It Meems very desir- 
able that observations from all sources bearing on the problem 
shall be placed on record. Such observations are obtained by 
Mr. G. K. Gilbert from field work for the U.S. <teological 
Survey in Colorado, where, as 8tat<*d by him In the last num 
ber of the Journal of Oeology (vol. iii, pp. 121-127), ho s\»g. 
gests, from alternations of shale and limestone deposits, 
thought to be perhaps referable to the astronomic cych»s of 
precession of the equinoxes and nutation, that only a part of 
the Cretaceous series ma}' represent a duration of some 20,- 
000,000 years. This implies one of the highest estimates for 
the age of the earth which has ever been founded on the rate 
of sedimentation. It is quite incompatible with the physical 
and astronomic estimates before noted, and indeed it far 
transcends the commonly supposed needs of geology and bi- 
ology. These might well be content with Kelvin's KM) million 
years, but cannot well see room for their history if that time 
must be reduced to King's 24 million years. w. n. 
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car«* and with a remarkable command of litoraturc Thorp nr»' thr»M» 
plates of inxMi figures accompanying: Ihr pHfH»r, bni it is nnft^rtnnHtr 
that the deirreo of onlarpcmr»nt n'pn»s<»nl4*d by those flpnres is not irivon 
in €^ach case, as in but u few instances is theactiml size t>f species st«te<l 
in the descriptions. A most unusuHl and striking: fenlnre of this chap- 
ter, however, speakinir worlds for the nuthors* dilipent and patient study 
of the work of other writers, is thai not asinjrie Tiewspeeiesis<h^«»crihed. 
Prof. Winchell follows this pa|>er with hri»'f remarks on thr occnrn»nce 
of other Cretaceous fossils in Minnes4>ta. 

Chapter III, **S|»onpes, (iraptolites an<l CV)rals from th«' Lower Silu- 
rian of Minnesota." by N. H. WiNrnKi.i. and ('mahIiKs Scm'riiKHT. was 
briefly noticed in the American CiRoi.o<*TST (vol. xii. p. X\\) at th»' time 
of its first apf»earance in th«' separate form. It is accompanied b\ two 
xinc plates. The chapter opens with a compile<I description of the 
genera liereptacHHt en ami hrhnditen, followed by synopses of the Ameri- 
can sfjecies: and briefly discusses th»' lmjM»rfectly known Lfpfrfolfffn, V\- 
rich, which shows some clos«' affinities to the latter penus. At thls|>olnt 
is introduced an imjiortant contribution by Mr. ri.KU'ii bearln^r upon the 
natur*^ of the «renus Anomalmtponffi^t. As the external form of this Hp<in^e 
has not been made ruit. the author's observations nnd inferences are hasetl 
wholly on a fM»rlion of the spicular structure. This Is certainly m»»st 
inlerestinsr. The dermal wall is comf»ose<l of very closely si't spicules 
havin|[T three horixontal arms, each of which is biaxial. The entering: 
rav is enormouslv swoll«*!i and the continuation of Its axis bevond thr 
horizontal rays is atn)phied t^ia ncMie. The as{>ect of the splcuh* Is tliat 
of a iK'utactin. With another horizontal ray It mijrht w«OI be compared 
lf> a similar apiwarinp structure in lifrrpftirufiffM. \)U\ th«« outer no<1e, 
repre.senlin^ the continuation of the vertical axis, not exist, Ww form 
misrht he underst(MKl as a mo<lification of a tetractin, hut, as It Is Im- 
possible to set aside the ncale as a fortuitous or in<*idental occurrence, 
the spicule certainly seems to i>e an **anomaIous" iwutaclin whose <h»ri- 
vation it is difflcult to understand. The author slates that "the s|>onjre 
was probably orijrinally silicious." l>ut it would hardly b«» possible that 
such a spicular form could be a derivative of the liexactin. If its rela- 
tions are with JieeeptaruliteM, a jjenus which, (»n some hands, is rejjMrde<l 
as neither silicious nor a s|MMi|r»*. it may have to follow that in Its taxo- 
nomic wanderings: one could, however, scarcely question the si>onp' 
nature of AnomahMtpongia, and it is to b<» hoixMl that more may i)e 
learned of its external f(»rm. To the family Ih'rtfffmponfptfft is n'ferretl 
the genus Rauffella, Ulrich. We believe Mr. Virich's |>revlous arran^*'- 
menthas here been followed, but in this instancr* it is palpably inct^r- 
rect. The fossil shows no relation to the diclyos|>on>res. and Ha\itf,who 
seems to have had specimens in hand, protests, with suicidal Intent, 
that it is not an organism. The German s|>on>rlst also s\i>r>rests that 
some of Ulrich's genera, which are referred to the phareirones, an* lith- 
istids, and he has further reganied the species llindm parrn I'lrich as a 
synonym for, or, at mx>st, a variety of //. Hphfrroidnfifi Ihincan, but the 
latter view may be ascribed to personal dissimilarities in the apprehen- 
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its din"t»r*»nces Vx'inp <hH' lo rontart with thi- ;:rainti- All Ihr rivk^ ,.[' 
ihf island huv** b«*fii subi#*r!r»l lo iiit(>iisi' (hiiannt' «rfiou h\u\ n mm', 
ber of miinTals hav«' UvMi <1i'v«*I<>ihm1 in ih«" scIhnK. nmoiii; xvhu'h hT" 
irariM't. aiidalu.sitc and ottn-liii*. Cuinni: thi- rocks of thr i>lM»>d htn- j* 
serif s of dikfs wh<»s«' structiin' and roni|H»Niiion ull> lhi'n» will-, ib- 
mint'iirs. I N i; 

Tht OromorphtHjtny of tht CthUtt nf nitrthtrh Cttf/fornm. U\ \w\ny\\ l 
Lawsun. l^ijh'tin of |}h' Dt-purtnu-ni of <ifolo^\. Inivi'i^iix oi i'mIi 
foniia, vol. i. No. S. pp. 241-271. ( li«Tk»'lr> . No\ . ISiM ) Tins |.f»piM 
suppl«»m»*nts Pnif. Laws<in's fornnT sHnl> of thi* diHsiroplnsn) oi \hv 
California c<iust s<»iilli of San Franrisro (n-xifWiMl in \\\r Axi t«KtMo 
<;isT, vol. XIV, pp. :mr>-Ii:tS, No\., 1K1M>. THt M«<pH'noi- of I hi- Phooi^ni 
and Ph'istoccnt' hisior\ »)f the roasi farlhrr north is ci\<'nMs lollo^>» 1 
The di'vrlojmnMil in Plioceiu- tinit' of a ^Ti-at roasial |»<«ni'phnn. ^iih 
Correlatlvf acoiimulation of marine sfdinH«nis. .\ drlia fornuHjon in 
Humboldt county, ralh*d the Wiltl-rat Hrrics. nwasuri's about one niilr 
in thickness ]M'riH>ndicular to tin* tliptif tin- strata. \%hicl» rauK'''** f^»nl 
15^ to 25^. 2. Thi' orop'iiic df'fjirniation of parts of ihi> |M>ni*plain and 
the f(»ldin^ of thr Pliocem* strata, the prni-ral allitmlf oi thr |M*ni*plNin. 
where not so disturbi-d, remaining alxuit thr sann*. \l. Thr rtMluction 
of the upturned soft PlioctMn* strata to basc-lrvel, and thr limited rvlfH- 
sion of the fM'neplain in t>etW(M>n tin* upliflfd blocks of thr other «lis 
turbfd areas. 4. Pleistocene f|MMr<»^'rnic uplift iiiff of the peneplain, 
with its residual monadnocks, to an elevation for the plain of from 1.- 
600 t4» 2.1 tKl feet abov** the sea level, the a<ljaciMiI mountainous traota 
participatinj? in the same movement. .k Thi' advance in the ni»\\ ^^H» 
morphic cycle to a siape of lati* adtilescence or i*arl\ maluritN. U. A 
verj* recent local sac <»r d<'pressit»n of about KM) miles of the c«»ast adja* 
cent to the (iolden (iate. and the consecpient tlotMlin^ <»f the stn^am val 
leys by the ocean. The subsidence known h\ tlie depth of water in the 
narrowest part of the (i(»lden (iate is at least :i7S feet. 

In the vicinity of caiK* Mendocino, which is in llu'ml>i>ldt oountN, the 
early Pleistocene ejieini^enic mt>vemeni ap|M*ars to have eleval<Ml the 
land for a jreoloffically very sh«>rt timi» to an altitu«le alxMit l\,00{) feet 
above its present hight, as shown by the submarine fjonla which Pr»>r. 
George Davidson has found by soundings for the \!.S. Coast Survey. 
This maximum extent of the uplift is not considen»d in the present 
paper, but it seems to have b<»en very im|>ortant in its n»sulta as the 
chief cause of the accumulation of the Pleistocene ice«sheel, having 
been a part of the great e|)eirogenic uplift which affeetett the whole 
width of the continent to the mouth of the Hudson river, with Its slmi* 
larly deep submerged fjonl. W. \\ 

AntyiU of liritUh Geohgy^ ISiKi. A iHye^it of the hookn itnd ptipern puh- 
lufmd during the ye<tr, trith an intrmluetory rerieie, \\y .). K. Hi.akk. 
(Ix)ndon, Oulau <& Co., 18$>5.) This annual contribution to the geology 
of the world consists, as its title explains, of a synoptical digest of the 
progress made by Itrltish geologists. It would be well If every conn- 
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trv 'h <v>fitribufwi< couid b^ frusibkriz^c il lik^ mainiMfr. li if uf ^*<ai 
kiiliK* Ui worker* ouUid*- of BriUiiL. whi^r*- th*r Bp»*cuLl iiur&tiiR- {fffir;!- 
aiii IH U'hk ncct'htiibW. Tlt«r ^-diw^r'^ i u t n id uruin t«*vh>w u^ iih- musi 
viiluablf i»iB|rl*' |»art of ih** voium*'. «^|«»*riiLl}\ Uiireoiu^risu^ noi ty^hWii n 
liritHiii. It niHV t>«' ffbject*^ thfti D«^>*MMi.rih fiuch ii rf=*vif*v ». xaiuv-q 
U\ lh»' coloring which il may n-c^-ix*- fiMm iht* r»*vi#'w»»r> <*in: ick«fi. 
Hut that wf do not dt^m a fault. Ev*-ri- C4iin]:i**tent |r<*4ilijipif»i i(> •foiiiMi 
to hih opinion and to th** ritrhl to mak^ it ^'fTcrtive. mud atit c^^iiiTKa 
who hy urt'til lalior contribut*'S to \h*- rfti'Tal fund and ic tht- cHirD*^!^ 
of thf ;;«*olo^ica) idt'as curivnt in his day. if a benf?fiict4ir if ttn- «ci**iirr. 
ll«> shoiihl iK'l )>«' ri*«|uiivd to renouncr hif iudividuailii^' uiir io smiitiif^ 
iiiH MMitiint'nlh. l^'Kidns. if any ir<-ol«ifriM (Hit's hiniM^If under Uh: hmtkii 
• »f Hnniiull\ ('<»nd«*iiHin^ and publishing lb*- work of liritisti f*-ui<a:i«;ts. 
Ih- Hhoiild Ih* HCtMirdfd thf pivsumptivt* pioHHfMMiitiii of ir**4ii(inra. arumfii 
suttlrifnt to ffuidf him, and a sufNci^'otly hixrh fH'DR*- of fatrn^^ tc mukt 
itim r4'n(l«'r jnstict' in his judgments. H^ nuKt bt* a •r»*olusrist whi< it' 
{M rMinallv d«'\oicd io Uw caus«' of jr<*<»lc«:> and to hard work. 15 ht 
ttav<- hiHown id**aH on some f(«^ulo^ical qut^.ionf tht*y wil! bt- pntrr 
lik«l\ i4» Iw >rn»iind(*d on th** best of evideort-. 

Thih u tin* fourth volume of this serie*^ mhirh bi*4raij wiir ih- y**T 
lf»l«(» Thr f<Mir volumeHHrt* sold at thirty f.hillimrK. ?i b. w 

Ht*ulu 1/ .1 Trafuteonlihrntal S^rit* if i^raritp Mtti^ummrnu. \\\ 
iiixtKoh 1{«M kMKl.L Pi'TNAM. SipU* oh fXf Uraritp jMr^mittat4>»u^ I:^ 
f.' rttii hfi Mr. fi. It l^utuam. By (Jitt»vE Yi%Xi. Gn.BKirr .Pniit«i«nih- 

i,. N-M «.f \Va«»hint:ton. Hull. vol. i::. }*j.. :;i-7(i. p. o. Arri. l*et 
^■ n.» .ui|»*ftAiii >!tMNl«'iiral Work ha«* l>«-n T^v*'\\Vy uniwriai*-! n* !:• 
«• 1\ l*uir.*»i ill (*Miin«'Ction with ibtr l*ri;i**ci >»ihit-t. \V-oin:rK-a >:;'.-; 
i ; I ♦ 1 ill r\ .t.;! oiji <if a s*-ri»*s of |n-iidu]unj * jLj«Tim»*ni> i« n- i-'ttlil- 
.1.. f -r- t .. t ^ra\it\ at \ari«tus |««Jiits Jii N>*nt. AnifTicu. Tr.*- *;;r -• 
i.a^ !• «. ^ wo itiucii att'iit i«>ij fn»m ph>i'jrk; i?e<»Htf:»?ii>. •^T«-?:a/ *:rr- 
:,.i ;i..it .r».ii. I: .-f tti« fv-Mjlt"* *>\ Ma>k-:>i>*f t-.x-|»»*-im-n!- t^: •*•:-:*- 
..oi ui»c .».;» r 'f UiOhr fJ Pratt in lb- H:iLkJkyuf and o: Ai-; i: * - fc> 
UtiiK I .In ii.«ri!. -f Kia'latjd. PraT.'f r-^-- if te^?ir. n indirui- t.-^a ::- 
h..»».r.i. v»* Ml* li,n.a:ii*a> »k«' -f :-e*if SKT.l): rrLvir; inai ::- a. : 
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tnt- obx'fl beinir to nRfpriain whothor «^r n«»t fh«> y!»»ld vnpfwMf \o rb«- 
tr!t*or;. t'f imistHS} This ih*»<"»ry (jf r<inr'<o r<M^inr«*< lf»ss jfrHvitnf !otim! rf- 
feci on si*a-J*»v»l in mi vlovntfd r«»jrio!i thHii in oni lyiiiL' Iowit. in cnnsr- 
quf»nc»' (»f ih'* H»s> cf Uv posiiivi* Miitl !h«' pro<jf»nri' nf t)\i' nt'smfivi* 
aiiraciiv*' action of ih«' fl»*VHl**tl mnv^. thf«»}»rih ^ whoji- snrfHCf bi^tiL' 
iissuin«*tl r>y in»- ihf(»ry to h* m irrMvitHtional iM^uiliUnnni. nn fi^ssiiTnp 
lioi. whicn mu\ . l!ow«*v«'r. t>t' ♦•(|umII\ trm* mi ihf th»»<»r> '»f ri!r»<Ul\ 

.Vi tMfxtMi siiiihins from Itharji. N. \ .. t-* l>i*nviT. <'«»lt» . iln- irrtiN't.t 
li^mm r«»^tliriHiiT wits toun<l i<» avora!:'- l>J<o.ir»i ilynrw. itic vrnMl) >Mr-iM 
lioi;< from tins mt-an iwhirh wms <»htain«M) n\ Ithnrat vlvnvini: n.- r**!:* 
lioii t'» ih'' ahituii'' of ih'» statniii thi r«'«rhinL' ih« Tni»n?>i?nns. hi^w 
'•ver. lli»* n»<iur«*tl tiffnn*> sho\v ai «inr«« a luL^h I'vrov*. Mho\.- \hr ;»\fmtr«' 
for th" piuiii, fh'in^rai Piki* s im-mU l»S().i^>'.♦ ilvni'N Thf isosijitir th<M»r\ 
iv^^uiiv^ ihiii tnt\ t».- It^s Th»' wim'- is trni' m :i 1»»vv HfLTfi- ni ?il) tb.' 
in«~»unLaiit siHiioii<^ t) ^lalt LmK** ('it\ j'\cln<ivi . ixrrpt h\ «"IrMn.} Jnnr 
lion and tjr^oij Kixfr onvionsly ih«»s»' rt'snhs iri\' ii" sn|»|Hiri t.. fbr 
lioctnn-* <»f isostasv . and Mi iJilhrrt sm\s. 'MirMV ily «"\c»'f»dv the Si^stnTir 
rrt^uiremeni ny '2M(hi or 2.:?tM> n>c'K-ltMi Th«' ivii)«»ni »<nirtrovi!nn w fhni 
th« whtil» Kock.v Monntaiii plhirMu. ri'srardiul a^ a |»ronnn»'n('r oh ;i 
broader plattfuii. Is snNiaiiHMl h} thf riiri«hl \ oi the hiltosploTt- " "'rhi- 
srfM>u|«ot siHiions 111 in« Y»'Howsiont' fiark rf!M»»|s ihi- »^niri:t^>ti<Mi f«>r \)\i 
U«»CK> mouniHiiis o' Montana" Th- tw.. •slaHons oti iIh ('o!or:Hl«» 
piatean iriv« vtr) discontant rt*sult.N. At (Jrand .lunriion. ltmn il\ >vns 
foiintl t<' t'lpihl Who.11*> j|yn«*.s. hi i-vcfs^ ol O oK t|\ lu. >vhilf jti (ir<'iMi 
Uivt*r It wa> l»8<».lH»i dvne.s. a «li'ft"rt ol Ool.". ilxn*-. a diffiTfTu'r of 
l.Si¥i rocK-fv»'i. whicli Is not at pri^Sfni fxplirahlt- Th«- SMmi- difT^fMiltv 
was t*ncounit»nHl at Washinirloii and PhilH<h'lphiH 

(Ml tin wln>lv, Mr. (»ilh*Tt Ra>s thai h» inrliin*s t<> tin- ronrhiMoii thai 
tin mountains ;ir* upht' Id h\ ili« ri:rulil\ of ih« lil!>ospln'r«'. hiti that 
tin srreai iiil»?rior plain i*" iij a stutr nf upproxtmati isosiaiit- tMpiilib 
riiim. 

AV<" ma\ ln»|H' tiiat tii« inifn*si antl vain*- (»l "iurb obv,»r\«honv will 
it'ad to tinMr (*ontinuan('« Tin- ar^nni»»ni must hr onnndntivf whon 
tiif total amounts an- si* small and tin- VHrlalioiis so flivoopilani \t 
jirt^wuit vfv do in)T f^fl tliai tin- rt»sult> iidl wiih anv fopor in fa\"«M ol «i 
tinT tinuirv to lin- exclusion of tin- otlnT. Tin- nnknown fatMorv in thf 

« 

j»roblt*m an* im]H)rtunt atul lindanpT of iTPiir is irrfMi. K. "W r 
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7. Gonrytnurtt nnfi Stnt* ffrporfs. 

(.ie(»l. Sur. of (rot^r^ia. Hull. No. 1. A pn'Mminar) npnri on ihi' mwv 
bl«-s of Grorjria, S. W. McCallir'. 1V> pp., ]iS ph.. •> mnps. 1H!)1. 

Geol. Sur. of (iforpia. Administrativi' report of thi- Stntr titol.ijtmt 
for Ihi' year ending Oct. 2^, lSi>4. W. S. Y«;i!"*5. pp.. IHDt. 
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Trenton limestnn«', with obsorvations on Rnth<»>rrfii>lns hiwiN.Hall. K P 
Whilfit-ld. 

Hull. r;e<»l. Soc. Am<T.. vol. 0, pp. lW-220. Frb., lH1»r». R.H-oni irlnoml 
studi»»s in GnMMiland. T. ('. rhambiTJin. 

Thv sam*'. pp. 221-240. March. ISO.'). ('hnrartiTisiii' fciitnros of C^\\ 
fornia frold-fpntrtz vrins, AVaUh'Tnur Iiin<i»rr«*f». 

Th«' sam»'. pp. 2ll-2t>2. March, ISO.*). CrvHlMllitK' limt»>lonos, ophlowl 
cit»»s and associal»Ml schists of tljr caKlrrn AdinnMhn'ks, .1. I*'. K«Mnp 

Th«' sam»'. p]). 2(>:i-2H4. March, ISO."), ('rystalliiu' lini«'Hii>in»s nnd asso 
ciaN'd rocks of the iiorthwoshTn A<lin»ndack n-jrloii, ( '. 11 Snivlh.Jr 

The same. pp. 2S.V21MJ. March, IHIC). KhiiMs of ChH/N township. Thn 
^)n county, N«'W York, H. P. Cnshinjr. 

Thi' same. ])y). 207-'K)4, March. 1S!I.*». Iloficycombed hniesionos in 
lak»' Huron, Koberl Hell. 

Th»- same. pp. mv:{2(». March. ISO."). The Potlsville series hNwik: New 
riwr, "\V«'si Virjrinia. David While. 

The same. ])p. :{21-:W2. March. ISO."). l)isint«'«:r«tioii of thr jrranittc 
rocks of the District of Columbia, <i. P. Merrill. 

The sam»\ pp. 3X<-;W2. March, IHIC). TeiHM. buttes, <J. K. (Jllbert an<l 
F. P. Gulliv«-r. 

The sam«'. pp. .*U.'{-'J.V2. Apr.. 189.">. Discrimination of ^rlacifil ihmmi- 
mulation and invasion. Warren T'pham. 

The same. pp. 3r>.V{74, Apr,, 1895. (ilacial lakes of western New 
York, H. L. Fairchild, 

The same. p]). '{T5-:{H8. April, 1895. Cn'taceous of Western Te\iisund 
C%)Hhuila, Mexico. K. T, Dumble. 

The same, pp. 389-422, Apr., 1895. Hi);hwo<Kl m >untaiiiNof Montana, 
W. H. Weed and L. V. Pirrs<m. 

The (Jeol. Soc. of Wash in>f ton. Preslch'ntial athlress, The Fnlted 
States Geological Survey, by ('. W. Walcotl. With abstracts of mInuteN 
and lists of officers and memlx*rs, I89:M8t>4. \i\ pp., Washington, Mch., 
1895. 

Hull. Amer. (leo^. Soc. vol. 27, No. 1, 1895, contains: The mapping: of 
New York state. Henry Gannett: Ue|)orls of a conference on jreo^rrapby, 
I.e. Rus»«'ll; Th«' United States (J<M)lo>rical Survey in 181M, MnrcuH 
Baker. 

Ill, Paprrit in Srifntifir Journah. 

American Journal of Science, April, 181K5, contains: Nia»rara nnd the 
Great lakes, F. H. Taylor; Disturbances in the direotion of the plumb- 
line in llie Hawaiian islands, K. D. Pr«»ston: (illacial lake St. Lawrence 
of Prof. Warren Upham. K. Chalmers: K|)ochs and stages of the (Macial 
IMirioil, Warren Upham; Structure and apiM'udaRes of Trinucletis, C. K. 
Heecher. 

American Journal of Science, May, 1895, contaiuR: Sketch of J. D. 
Dana, with |>ortrait: Further notes on the jjold ores of California, H. 
W. Turner: Improved rock cutter and trimmer, Kd^ar Kidwell. 

School of Mines Quarterly, Jan., 1895, contains: Garnet as an abrasive 
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■^iv.>»ifi' \i.pjl-M*. ',<*)-^ •'.iu\iiM^*i: I'lu* ♦*"«•? ol»»n It's f'riun:*., 'f. F. Mat- 
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.V^'jutM in<! MMt^rjnn |.! .> i\ -». V'lshititrtofi: ''firiiiifnii ••Mfiiriomer- 
:ir«"; (Hi! 'y:\\t' 'l^'.\rU*i irj Minn tiiii l\i*ntMi*ky. A. K. i''i)»Tste; • ibiciai 
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with particular reference to ma^nesite, H. G. Hanks. 27 pp., San Fran- 
cisco, 189.5. 

Catalojkcue of recognized Palaeozoic sponges of North America. W. U. 
Head. 11 pp. March 1, 1805. 

Notes on the T«'xas Terliaries, E. T. Diimble. Trans. Texas Acad. 
Sci.. pp. 2:j-27, read June 19, 1894. 

L'eboulis de St. Alban, Mgr. Laflamme. Trans. Hoy. Soc. Cunada, 
sec. 4. 1894, pp. 03-70. 

Elements of mineralogy, crystallography and blow-pijH* analysis from 
a practical standpoint. A. J. Mos<»s and C. L. Parsons. 8vo., *M2 pp., 
New York, I). VanNostrand Co., 1895. 

Oil and gas in Kansas, Erasmus Haworth. Proc. A. A. A. S., vol. 
XLiii, 1894. 8pp, 

The geology of Conanicut island, R. I., (J. L. Collie. Trans. Wis. 
Acad. Sci., Arts and Let., vol. x, pp. 199-230, pi. 4, March, 1895. 

Results of a transcontinental series of gravity measurements, (». R. 
Putnam. Philosophical Soc. of Washington, Bull. vol. xiii, pp. JU-^K), 
April. 189.5. 

Notes on the gravity determinations rejMjrled by Mr. (J. R. Puturtm. 
G. K. GillM'rt. Same, pp «l-76. 

The mineral d«*velopment of Nova Scotia, Edward (Jllpin. Trans. 
F(*derat«'d Inst. Mining Eng.. 1894, 15 pp. 

New and otherwise interesting Tertiary Mollusca from Texas, (1. I). 
Harris. Proc. Acad. Nat. Sci. Phila., pp. 4,5-88, pis. 1-9, 1895. 

The discovery and development of the iron ores of Minnesota, N. H. 
Winchell. Minn. Hist. Soc. Collections, vol. viii, pt. 1, pp. 2.5-40, map, 
1895. 

Int»*rloessial till near Sioux City, Iowa, .1. E. Todd and H. F. Main. 
Proc. Iowa Acad. Sci., 1894, vol. ii, pp. 20-2.3, pi. 1, 189.5. 

Prrglacial elevation of Iowa, H. F. Bain. Sam<*, pp. 23-2(J. 

V. ProrerdingH of Srientifie fMboratorit'M, efr. 

Bull. Di'pt. of Geol., Univ. of California, vol. 1, no. 8, pp. 241-272, 
Nov. 1894, contains: The geomorphogeny (»f the coast of northern Cali- 
fornia. A. C. Lawson. 

Bull, of the Illinois State Mus. Nat. Hist., Chamimign, III., pp. 30-137, 
1894, contains: List of altitudes in the state of Illinois, (■. W. Rolfe. 

Univ. of Cal., Bull. Dept. of Geol. On analcite diabase from San Luis 
Obispo Co, California, H. W. Fairbanks. Vol. i. no. 9. pp. 273-300, 
pis. 15-10. .Ian., 1895. 

Bull. Mus. Comp. Zcm)1, vol. xxvi, no. 1. A reconnoissance of the Ba- 
hamas and of the elevated reefs of Cuba in the steam yacht "Wild 
Duck," January to April, 1893, Alexander Agassiz. 203 pp., 47 pis., Dec, 
1894. 

Kansas Univ. Quart., Jan., 1895, contains: New or little known ex- 
tinct vertebrates, S. W. W^illiston. 

Bull. Mus. Comp. ZoOl., vol. xxvi, no. 2: A visit to tin; Bermudas in 
March, 1894, Alfx. Agassiz. Pp. 205-281, pis. 1-30, April, 189,5. 
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Th»» sam»*. vol. xvi«(i»*<>l. S»*r.. v.>I. ri). no. !.">: Xotos on the ijeolot^ 
..f thp islanrl of ruba. U. T. Flill. Pp. 21:U->JW, pN. I-{). April. 1S05. 

Hnll. Tfuv. of "Wl'srnnsin. ><ri»»nc»' >-vrn»s. vol. 1, no. 2: On the quartz 
koratophyn' .\x\i\ assoriatt^d mrks nf rh»^ north ranirt* of rlui Baralxxi 
bhitfs. Samn**l Wpj^lman. Pp. :i.V.">t), pis. l-:i. .I;in.. 1S9,">. 

(^)lo^aclo roll«»iT|> St!nli«*s, I'^Oi. contains: Th»» oriirin and use of the 
natural L''as at Manttou. Colorado, Wm. Strieby: The (.'hortaw and 
(rrayson terranes .>f Mie Arietina. F. W . <'rairin: I)«*scriptions of new 
sperjps of Inv^^rtebrata from th<* Comanche series in Texas. Indian Ter- 
ritory and Kansas, with <b*t1nition t»f two Comanche tfr»rranes. F. W. 
Crairin: V»'rtt»brata from th*' Xeoeomian of Kansas. F. W. Crairin. 

Kansas Fniv. Quar^*'rly. vol. rii. no. t. April. ISiKS. contains: Semi- 
arid Kansas. S. W. Williston: Th»' >tratii»raphy of the Kansas (%»al 
M**asures. Krasmus Hawortlt: Division <»f the Kansas ( oal Measures 
Erasmus Ffaworth: the coal ti»*lds nf Kansas. Krasmus Haworth. 



CORRESPONDENCE. 



A CoRRKfTiON. In the writer's recent [)apers »'ntitled "The Second 
Lake Alffonquin" (.Vmtcrkwx Ueouh»ist. F^b. and March. 1895), and 
"Niaarara an<l the Great Lakes" lAm, Jour. Sci., April. 1895), the name 
"Erijran" was adopt»'d from l^of. J. W . Sf)«»nct»rs writings and used as 
the name of a >;**ction of \\\<^ Niairara :H)rire and of the river which madi* 
that section. This cours«» was adoptnil with the l)est of intentions. It 
was supfios^d that it would l)»» rlic closest j>ossiblc conformity to previ- 
ous us»». Hut it is learned by areccnt letter from Prof. S|>*ncerthal the 
writer's use of the name P>iiran is entirely <lirferent from his. Tlie mis- 
take Would i>robably not have <K'curred. but for an unfortunate combi- 
nation of circumstances, includiuir the loss of a reprint in which Prof. 
Spencer oriirinally used the name, and also the absence of Prof. Spencer 
in .Jamaica and southern .Me.xico and the conse<pient failure of th** 
writer to I'-et an answ»'r to a letter of inquiry addressed to him early in 
the winter. For these reasons the writer was led to rely solely upon his 
memory. Prof. Si>encer*s Kriifan river, like that so named by th^ 
writer, firained only lake p>ie. But it was entirely i)re-Glacial and it 
followed the Grand River vallev northward to th»» Dundas vallev at th»? 
west end of lake Ontario and hence did not occupy the Xiaijara channel 
at all. (See "Oriirin of th«* Hasins of the Great Lakes of America" bv 
,]. \V. Sf>encer. <^uart. Jour. (ieol. Soc Nov., 18iH\ map pa>?e 2.) In 
the writer's articles referred to above the iise of the name Erigan is 
confined in the first to pa«res HJ7 to 170. and in the .second to pages 2t56 
t<^» Tify In place of that name it is proposed to substitute the nam»» 
"Little Niairara." This will be the name of the river which made the 
narrow, shallow srorjre of the \Vhirli>ool rapids, and that part of lh*» 
^orj^e may be called the Little Niagara gorge. It is believed that the 
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substitution of this imme throughout for "Erigan" will rfmov«» tho dif- 
ficulty and obviate so far as is now possible the confusion which mlicht 
otherwise arise. F. H. Tayi.oii. 

Fort Wayne, Ind, Mai/ 10, lS9o. 

A Question of Prioiuty. In the summer of 1 81)2. whilo making a 
peolopical examination in northwest«Tn T«*xas, 1 found and rolleclod a 
lot of vertobrate fossils from strata abovo lh«* Loufi Fork IhmIm and bo* 
low the beds I had pn»viousl.\ described und<*r the nam** of HIaneobodH.* 
Th<*se fossils, with others, were sent to Prof. K. I). ('op«* for idfnti Men- 
tion and description. Hispa|H'r was pnblishi'<l in May. IHIKJ. f In that 
paj)er he said: 

**A small collection made by Mr. CummiiiH, uvar <i(N)dnUht. on 
the Staked plains, pn'srnts characti'rs which distin^nisli It from the 
faunjtM)f the Ix>up Fork and Blanco formations. Ace<irdintf to Mr. 
Cummins, thf fjoup Fork formation is overlaiti by a IhmI of gravid, 
which passes und«'r the' fossiliforous formation at (MHidnitrht. Ilo eon- 
s**quently regards the latter as of later ap* than lh«* Loiij) Fork, wlillohe 
thinks it older than the Ktpius beds of Kock cn*«'k. Thf pali'ontitloy.v 
sustains this vii-w." 

In July, 189'{, 1 published a imfHT on th<' ^'oolojry of norlhwi'Nt 'IVxanj 
in which I describe th«* b<>ds under th«> name of (MNidnitrht dlviidon, 
giving a particular description of thi* locality, stratitrraphle |N»Nltion and 
the fossils found in the beds. In that f>a|M'r I said: 

•* At the mouth of Mulb«'rry canon, south sidr, Mvr inlli's NoulhweHt 
from the town of (J(K>dnight, in the Houthfasti*rn (mIk<' (*f Armslrontf 
county, there are beds con tain in^iT fossils ditfcring from Ilu' othi'r 'IVr- 
tiary fossils of the Staked plains, and I havr called them (hM)dnlKht 
beds for the pur|x>se of referring: to them nmn* dftlnitrly." 

This oujjht to have been sufficient to fix tin- nam<* of tin* biMU If I hoy 
are to b«^ kept up as a soparato division. 

In the Bulletin of the Geoloj^ical Sociotyof America, vol. v, IMIM, pauo 
1)4, there is an abstract of a pajwr by Prof. W. B. Scoti, **Tho later la- 
custrine formations of the West.** In that paper it is said: 

•* The latest of the three horixons of the Loup Fork may bo callod tho 
Palo Duro, Cope having found it noar tho canon of that initno in Toxas. " 

This paiK'r was published on April TU), IHUI. at loast nino nntnths af 
tor the publication of my description undor tho narno of (itMidnitfht 
division. 

In the fourth edition of I)ana\ Manual of (loology (1805), on pafr<* 
881, in a **Table of the Approximate Kcpiivaloncy tif the Sub-diviNhniH of 
the Tertiary," the name Palo I hi ro is used for those beds. A;?aln, on 
page 88o, it is used: "Palo Duro bods of Scott; (i(H>dnight bods of 
Cummins, observed near the cafion Palo Duro. in Texas, and also In 
northern Kansas." Apiin, on pajLTo OIU, the name Palo Duro bods Is 

^Second Annual Report Texas Geological Survey, p. 431. 
t Fourth Annual Report Texas Geological Survey. 
^ Fourth Annual Report Te.xas Geological Survey. 
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inff ils departur*^ in th»» chwinjr or OhRmpUiii opoch of ihi" \cv nyo, witli 
citations of the voluminous litorHlurr of this Huhifcl. Thf mnp whioh 
accompanied that pap«»r is reprinttHj in the May AMKt<t(-\\- <tV.oi.ooiM 
as Plate X. delineatinc provisionally seven stages of ihe iee-Kheoi. fh>n< 
its maximum exient to the lime, late in the processor the ice d(*pHr(nre. 
when the sea apf»ears first to have found an avenue of inflow to \hr Si 
Lawrence and Ottawa valleys and the hasin of lake rhnmplaiii h\ fh.> 
meltinc away of the sriacial harrier across the ])ri*sfMil eonn»«' n\ th«' 
St. Lawrence in the vicinity of Quehec or farther noriht«a^t Th*^ 
hii?h Pleistocene shores from lake Su|M»rior to lake Ontario, and thr 
highest shores ahove the marine Iwds eastward, aerm to me i<t hr r|«»hrl\ 
referable t<» irlacial lakes; and for c«)mparison with thr opmiohx oi 
Spencer, Taylor, and Lawsoii. the se<nienc«' of I'Vi'tits repri>ai>tiii*«| \u 
Plate X by the seven stasres of culminating anti waiiinu Rlaelatlon <s 
here bnmffht v«ry concisely inl<» review. 

\. lireatesi extension of the ice-sh«»ei; Mt WashintrttMi and th.- 
(treen and Adinmdack mountains envelo)M><l to thi^r «iummU>i h> !)«• 
continental placier: its surface thence rising northward aeri»«i»» the >»f 
Lawrence valley to the Laurentian hitrhtands T\\v Kan«ian >»tavi' oi 
Chamberlin's classification (third editioti of thr(«rrat 1«'i' Ak"'*. IWl. ntid 
Journal of (i<*oloiry. vol. lit. pp. '270-27?. April NUn. \s^\^) 

2. Itoundary of the waniiijir ice-sheot at thr Allanioni n)oi<Htn«>. ih. 
earliest and outerm<»st of the series traced Meri>K> tin- norihoin lHH.'d 
Stat«'S, mark injT jiauses or slight n^adxancps winch inteirupt«d thr ir. n 
eral irlacial n'treat. This lime, comiiic aftrr t 'lomtherliu'^ int«'iN«'innu 
Aft<»Jiian and lowan stapes, was ul thr hi'jfinmnu '»! his W i>eon>iu .n 
moraine-forminjr sla^-e. 

3. Maximum area of the AYrstern SupTior v^laeiul l!ik«\ .XH) to \\\k\ i, , t 
above the wfsl part of Inke Su|M»riop. with ouilrt thiouKh noithNxoMn n 
Wisconsin hv tin* liois Krule and St. t'roix iimms Tin- ylaeinl Ink*' 
AVarr«*n. outHowinir past I'hicajco. reache«l north hIom^ tho ki''«i«» p-ut 
of the hasin of lake Michijran; and tlir Wi'sti'in Kne whu'ial l«K« out 
tlowed past Ft. Wayuf to tin* Wahash river 

4. Maximum area of laki" Warr«'ti, UM) to (UM) f«'rt iihovr Inkf S\ipi'Hoi 
and the north part of lake lliintn and (ieor^iaii huN extriidtMu pnxt 
s<»mewhat beyond lakr Nipissin^'. and to Crittenden in >onihNV. stii n 

N»'w York, with shores now raised hy dilfm'iitial uplift nearlx IHH» Iim t 

above the east end of lake Krie. 

5. l^)utjdary of the ice-sheel passing: I'ast of lak«' NlplsHiHii. thmeo 
south to the vicinity of Toronto, and east alonu the tiorth ildo oi ihi> 
Mohawk river. The glacial lake Al)r«)iMpun, held h.N an leoharrlei onh 
at the lowest passes fast of (Jeorpiati hay. with outflow nouth h\ the St 
Clair and Detroit rivers, was nt first tributary \o the Nerx nhiut I1\im1 
glacial lake Lundy. ab<»ve the fast part of th«« present lake Krie. hut 
later to the jrlacial lake InHjuois by the Niagara river, which thi-n ho 
jyran its existence and the erosion of the por^fe htdow Hh reiM'dliitf wuti'r 
fall. 

(>. Kece.ssion of the ice-sheet |Mist the north side of the Adlrondaekn: 
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The University op Kansas has recently distributed the fol- 
lowing statement concerning a geological survey of the state: 

In conformily with the law under which the University of Kansas is 
now working, the Hoard of Regents, at a recent meeting, formally or- 
ganized the University Geological Survey of Kansas, with Chancellor 
F. H. Snow, ex-otticio director; professor S. W. Williston, paleontolo- 
gist; professor Erasmus Haworth, geologist and mineralogist, and pro- 
fessor E. H. S. Bai' y, chemist. 

In addition to these, other members of the university faculty will be 
engaged upon the work of the survey, as well as the advanced students 
of the departments of geology and paleontology. An effort will also be 
made to centralize and unify the energies of different geologists in the 
state who have been doing valuable work along different lines of geo- 
logical investigations. Already a considerable start has been made and 
the co-operation of different geologists of the state has been secured. 

The |X)licy of the survey will be conservative, with the expectation 
that it will be continued and eventually include all other branches of 
the natural history of the state. The general stratigraphy of the state 
will first be elaborated in order that it may be used in the furthersludy 
of various questions of economic and scientific importance, all of which 
will be taken up as rapidly as existing conditions from time to time will 
permit. 

Work in the Coal Measures of the state has been in progress for two 
summers, and volume I of the report is now almost ready for publica- 
tion. Other volumes will ap|>ear at irregular intervals. Those already 
under preparation are; one on coal, oil and gas: one on the vertebrate 
paleontology of the state; and one on the salt and gypsum deposits of 
Kansas. 

An improved rock cutter and trimmer is described by Mr. 
Edgar Kidwell in the American Journal of Science for May. 
This machine is quite simple in construction and has been 
used by the Michigan Geological Survey during the last year 
with good results. It can be obtained from Merrill Brothers, 
466 Kent Ave., Brooklyn, N. Y. 

Mr. T. C. Hopkins, formerly of the Arkansas Geological 
Survey, has been appointed assistant geologist in Indiana. He, 
together with Mr. Blatchy, state geologist, expects to spend 
the coming field season working up the building stones of the 
Carboniferous. 

An atlas of the state of New York will be published in a 
few weeks by Julius Bien <fe Co. Among other features it 
will contain temperature, rainfall, and hypsometric maps of 
the stat-e. 

Dr. J. G. Norwood, Emeritus Professor of Physics in the 
University of Missouri, died May 6th, in his eighty-eighth 
year. He is well known to western geologists through his 
reports which accompany the "Report of a Geological Survey 
of Wisconsin, Iowa and Minnesota," by Dr. D. D. Owen. In 
a future number we expect to present a sketch of Dr. Nor- 
wood's life, written by Prof. G. C. Broadhead. 
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